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Commissioner f«tr Patents 
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Alexandria, VA 22313-1450 

Dear Sir: 

Wc, George Cox and Daniel Doherty, each declare as follows: 

1 . 1 iun a co-inventor of the above-referenced patent application and am familiar 
with the application. 

2. This Declaration under 37 CFR § 1 . 1 3 1 is being submitted in conjunction with a 
Response to an Office Action mailed on September 25, 2008, the Response being filed herewith. 

3. This Declaration provides factual evidence of the conception of the invention as 
claimed in at lea.'t Claims 90-94, 96, 102, 104, 105, 130-135 and 139, at a date prior to the July 
24. 1998 eftectivo filing date of the material cited in Blumberg, et al., U.S. Patent No. 6,485,726 
in support of the rejections under 35 U.S.C. § 103(a), followed by diligence in reduction to 
practice from a date prior to the effective filing date of Blumberg. et al. (July 24, 1998) to the 
date of amstructive or actual reduction to practice of Claims 90-94, 96, 102, 104, 105, 130-135 
and 139. All acts relied upon to establish the dates of conception, diligence and reduction to 
practice were carried out in the United States. 
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Evidence o r Conception nrlot to July 24. 2()0R 

As evidence of conception of the invention as claimed in Claims 90-94, 96, 102, 104, 
105. 130-135 and 139, at a date prior to July 24, 1998, enclosed as ExJiibit A are relevant 
portions of a grant application that was prepared by us and submitted at a date prior to July 24, 
1998. 

7^his grant application proposes the construction and production of Epowig fusion proteins 
(all claims), including Epo/IgG-Fc and Epo/IgG>CH fusion proteins (Claims 90 and 139), with 
biological activities (ECjo's) that are comparable to wild-type EPO on a molar basis, which is 
encompassed by all of the ECjo values claimed (Claims 90 and 139). The grant sections describe 
joining the C-terminus of EPO to the N-terminus of human IgG-Fc or IgG-CH domains using a 
restriction site to join the protein domains (Claims 90, 139 and dependents therefrom). 

More sptrcifically, the grant sections provided show the amino acid sequence and 
structural organi/iition of human EPO and provide details for the production of the constructs 
using unique restriction sites to join the EPO and IgG-Fc or IgG-CH sequences. On page 11, 
lines 14-22 of tho application, we state that the junction sequences (peptide linkers) will be the 
only non-natural sequences in the fusion protein, thereby teaching the use of a linker to connect 
the proteins (Claims 90, 92-94, and 132-135), We describe how we will amplify the genes 
encoding EPO and the Ig portions of the fusion protein using, e.g., PCR, and clone them mto 
mammalian cell expression vectors (Claim 104). We discuss how to express proteins in 
mammalian COS or CHO cells (Claim 104). We state that we expect the proteins to be secreted 
as homodimers, and we state that we will purify the proteins by affinity chromatography using 
protein A columns (Claims 102, 104, 105). We state that bioactivities of the proteins can be 
measured using Ihe UT7/epo cell line and again, propose EPO-Ig fusions with biological 
activities comparable to wild-type EPO (Claims 90 and 139). 

Evidence of Dilieen^^ he ginninfr prior to Juh 24, 199ft 

(1 ) As evidence of diligence beginning prior to July 24, 1998, enclosed as Exhibit B are 
documents showing that after the filing of the grant application, and prior to July 24» 1998, we 
monitored the progress of the grant application. On or prior to July 24, 1998, we received 
communications from the granting agency including a grant priority score, a summary statement 
containing reviewer critiques, and a letter indicating that the agency intended to fund the grant 
V>endinB resolution of the time commitment and employment issues. 
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(2) As evidence of diligence beginning prior to July 24, 1998, enclosed as Exhibit C are 
relevant portions of notebook pages that show that we were diligently performing experiments to 
reduce the invention as claimed in Claims 90-94, 96, 102, 104. 105, 130-135 and 139 to practice. 
Specifically, these notebook pages, spanning dates from June 3, 1998 to July 15, 1998 describe 
the planning and execution of experiments to amplify the genes encoding EPO. 

Namely HB41 and BB42 oligonucleotides for PGR cloning Epo cDNA were designed 
and obledned, and Quickclone cDNA was obtained, PGR cloning was attempted and the first 
attempt was unsuccessful (notebook pages 97, 98 and 103-106). 

An attempt to make RNA from human Hep 3B cells (which had been reported to express 
Epo under hypoxic conditions) is described on notebook pages 107-1 12. 

An altenipt to use RT-PCR to amplify Epo cDNA from human liver RNA 
(unHucccssfuily) is shown on notebook pages 15-16. 

PGR primers BB45 and BB46 for cloning Epo were ordered (page 113). A new PGR 
primer BB47 wa>f also ordered, (page 113). PGR amplified of Epo cDNA from Hep 3B RJMA 
using BH45 and BB47 oligos was successful, (pages 34-35 ), The Epo cDNA was cloned into 
plJG19 pla-smid DNAs and sent to Macromolecular Resources in Fort Collins for DNA 
sequencing (page 34*42). Epo clone #10 had the correct DNA sequence and was called plasmld 
pBBTl 3 1 , pUCl9::Epo ElO (page 42). 

(3) As further evidence of diligence prior to Jufy 24, 1998, enclosed as Exhibit D are 
documents showing that we also contacted researchers regarding the UT7/Epo cell line and how 
to obtain it. We received an email from the researcher who isolated the cell line confuming that 
a second researcher had permission to send us the UT7/Epo cell line. 

Evidence of Continued DUiEence and C onstrueAve and/or Actual Reduction to PracHce 

(1) After July 24, 1998 we were taking steps to reduce the invention as claimed in Claims 
90-94, 96, 102, 104, 105. 130-135 and 139 to practice. We ordered human TFl cell line from 
ATCC for testing Epo proliferation. We also ordered recombinant human Epo from R&D 
Systems, Inc. for testing TF-1 cell line response. Monkey COS cells were ordered from ATCC 
for Uwisient translection experiments. See Exhibit E. 

(2) After .luly 24, 1998, we responded to the granting agency regarding the employment 
and lime commitment, and the grant funding began, also shown in Exhibit F. 
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(3) Exhibit G represents an experiment completed October 1-9, 1998 that provides 
evidence that we were diligently performing experiments to reduce the invention as claimed in 
Claims 90-94, 96, 102, 104, 105, 130-135 and 139 to practice. Specifically, these notebook 
pages dciicribe the planning of different EPO-lg fusion constructs and then the initial production 
of conf^trucls encoding immunogtobulin and EPO proteins that were used to produce various 
EPO-Ig fusion proteins. These constructs were used to produce the linkered fusion proteias. 
Specifically, the&o notebook pages show diagrams for fusion constructs of EPO and IgCji and 
IgCi4 (Fc or hinge and CM domains), as well as marked up sequences for EPO and Igd and Ig(j4, 
and oligonucleotide design, as Well as experiments showing successful cloning and expression of 
the individual components that were used to create EPO-Ig fusion proteins as claimed. 

(4) Exhibit H also represents an experiment completed on January 12-15, 1999 which 
provides evidence that we were diligently performing experiments to reduce the invention ai> 
claimed in Claims 90-94, 96, 102, 104, 105, 130-135 and 139 to practice. In particular, this 
experiment establishes that we were diligently performing experiments to reduce to practice the 
coDvStruction, production, and testing of biologically active EPO-Ig fusions, beginning with EPO- 
Ig fusions having the recited small peptide linkers consisting of serine and glycine amino acids. 

The three fusion proteins are denoted pBBT 179, pBBT 180 and pBBT 181. Construct 
pBBT 179 is EPO-IgG|/CHi (EPO-IgQi-CH); construct pBBT 180 is EPO-Igd/hinge (Igdi- 
Fc); and construct pBBT 181 is EP0-IgG4/hinge (IgG4-Fc). In these fusions, the peptide linker 
was 7 amino acids in length (Claims 90, 92, 133, 134, 135, 136, 138 and 139) and consisted of 
glycine and serine residues (Claims 90, 92, 133, 134, 135, 136, 138 and 139). The Ig portion of 
iho fusion protein was either IgGl-Fc, IgG4-Fc or IgGl-CH, demonstrating that we had 
produced fusion proteins using two different Ig isotypes and both Fc and CH fusions. Prior to 
the experiment described in Exhibit H below, the three fusion protein nucleotide constructs were 
produced using recombinant techniques, and the fusion proteins were expressed by transfecting a 
host cell with an expression vector comprising the recombinant constructs, culturing the host cell 
under conditions eflective to express the fusion protein, and harvesting the fusion protein 
expressed by the host cell (Claim 104). The expression of the fusion proteins was demonstrated 
and levels of expression quantitated by Western blots using anti-EPO antibodies in order to 
determine the concentrations of the proteins prior to putting them into the bioassay described in 
Exhibit H below (data not shown in this Declaration). 
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The ECsii's (as defined in the present application, the concentration of protein required 
for half-maximal stimulation) of each of the three EPO-Ig fusion proteins was measured in the 
IJ I'T/epo cell proliferation bioassay, shown in the notebook pages of Exhibit H. The first page of 
the F':xhibit shows the three fusion proteins tested as discussed above (BBT 179, BBT 1 80, BBT 
181), with plasm id pCDNA3.1 serving as a negative control and a wild type human EPO protein 
purchased from R&D Systems, Inc. serving as a positive control. Plasmids BBT179, BBTl 80 
BBT181 and pcDNAS.l were used to transfect COS cells and the conditioned media containing 
Ihu fusion proteins was harvested several days later. Serial 10-fold dilutions of the conditioned 
media were prep.'ired and assayed in the UT7/epo cell proliferation assay. The serial dilutions 
were called tubes 1-6, Estimated concentrations of the EPO-IgG fusion proteins in the asaay 
were: tube I, 0.0005 ng/mL; tube 2, 0.005 ng/mL; tube 3, 0.05 ng/mL; tube 4, 0,5 ng/mL; tube 5, 
5 ng/mL:. and tube 6, 50 ng/mL. Six serial dilutions of the EPO control protein were prepared as 
well. Concentrations of the EPO standard in the assay were: tube 1, 0.0004 ng/mL; tube 2, 0.004 
ng/ml/, tube 3, 0.04 ng/mL; tube 4, 0.4 ng/mL; tube 5» 4 ng/mL and tube 6, 40 ng/mL. The 
second page of f.Khibit H shows the experimental set-up for each of the three test plates (called 
plates A, B and C). Elach of the serial dilutions was assayed in triplicate. Additional control 
wells contained no cells (called "no cells'*) or just media but no Epo or Epo-Ig (called "0")- Ihe 
UT7/epo cell line shows a strong proliferative response to rEPO, as evidenced by a do^je- 
dependent increase in absorbance values, which is proportional to cell number. In the absence of 
rEPO, the majority of UT7/epo cells die, giving absorbance values less than 0.1, The results 
shown on the third-sixth pages of the Exhibit provide the raw data and graphs of the activity of 
the three EPO-lg fusion proteins as compared to rEPO and a negative control. The graphs plot 
absorbance of the wells on the Y-axis versus the dilution tube on the X-axis (the percent of the 
COS cell supernatant (% sup) in the dilution tubes for the fusion proteins or the number of EPO 
unils/mL (1 unit = 8 ng/mL) in the dilution tubes also is plotted on the X-axis under the 
appropriate dilution tube). The dilution tube closest to the ECjo for each fusion protein was tube 
4, which contained an estimated 0.5 ng/mL of the fusion protein. The serial dilution tube closest 
to the ECso for the EPO control protein also was tube 4, which contained an estimated 0,4 ng/mL 
of EPO. Thus, the RCjos of the fusion proteins were within the scope of less than 4 ng/ml, and 
comparable to (within at least 4 fold) activity of wild type EPO on a molar basis, which aho 
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represents an ECjo of less than 1000 ng/ml and less than 10 ng/ml (Claims 96, 134, 135, and 
136). 

(5) Between January 15, 1999 and July 13, 1999, we continued to design constructs and 
perform experiments to produce and test additional EPO-Ig fusion proteins as claimed in Claims 
67, 68, 77, 78, 80-87, 89-94, 96, 102, 104, 105, and 125-138, and we worked with patent counsel 
to constructively reduce the invention to practice by the preparation and filing of U.S. 
Provisional Application No. 60/143,458, filed July 13, 1999, which is the priority document for 
the present application. The following Exhibits describe activities and representalive 
exi>criments that p<?rtained to the constructive and actual reduction to practice of the invention 
during this time period. 

Exhibit I contains notebook pages dated from February 9-17, 1999, showing the resultsi of 
an experiment that began on January 21, 1999 (see reference to 1/21/99 transfection), showing 
the larger scale transfection of host cells with the EPO-lg fiision constructs described in the 
Exhibits above and the purification of the fusion proteins (purification of EP0-IgG4/hinge (Fc) 
or piBBT 181, EPO-IgGi/CH or pBBT 179, and EPO-IgG,/hinge (Fc) or pBBT 180 is shown). 

(6) Eixhfbit J contains a notebook page date February 26, 1999, showing the design and 
beginning of the construction of a recombinant construct encoding a different EPO-lg fusion 
protein, which was an EPO joined at its carboxy-terminus to IgG4-CH (an immunoglobulin 
domain that does not contain a variable region) using a linker comprised of serine and glycine 
residues. Note the diagram illustrating the construct plan. 

(7) Exhibit K contains notebook pages showing an experiment beginning on March 23, 
1999, and ending on April 28, 1999, describing the COS cell transfection, expression and 
purification of the new EPO-lg fusion protein (EPO-IgG^CH (pBBT 185)) described in Exhibit 
J abtove, 

(8) Exhibit L provides relevant portions of a grant application completed and filed on 
April 14, 1999, which includes particular experimental details regarding the construction and 
production of EPO^Ig fusion proteins having 2 and 4 amino acid linkers, and EPO-lg fusions 
having no intervening linker. This grant also includes much of the material described in the 
grant sections of I 'xhibit A and presents the data shown in Exhibit H and related experiments and 
specifically, describes the detailed construction, production and testing of EPO-IgG-Fc and EPO- 
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lt'.-CH fusions with a peptide linker. This document also describes specific methods for 
separating monomers from dimers. 

(9) Exhibit M contains notebook pages showing the results on June 8-9, 1999, of an 
experiment thai began April 30, 1999, showing the purification of a large scale EPO-IgGrFc 
fusion protein (pBBT 180) transfectlon experiment, 

(10) Exliibit N contains a notebook page from an experiment performed on July 6-9, 
1999, showing the bioactivity for the EP0-lgG4-CH fusion protein (pBBT 185) and for the 
.scaled up expression of the EPO-IgGrFc fusion protein (pBBT 180). The ECsos for the fusion 
proteins are shown as compared to wild-type recombinant EPO. The EC50 for the EPO control 
protein was 0.48 and 0.48 ng/mL in two assays; the ECjos for BBT185 were 2 and 2.1 ng/mL in 
two assays and the EC30S for BBT180 were 1.3 and 1.3 ng/mL in two assays. 

(11) Exhibit O is U.S. Provisional Application Serial No. 60/143,458, filed July 13, 1999, 
which ci>nstruclively reduces to practice the invention as claimed in Claims 90-94, 96, 102, 104, 
105, and 130-l3.i. 

4. I hereby declare that all statements made herein of my own are true and that all 
statements made on information and belief are believed to be true; and iiirther that the statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both under Section 1001 of Title 18 of the United States Code, tind 
lhat sucfi willful false statements may jeopardize the validity of the subject application or any 
pulcnt is.suing thtxefrom. 

George Cox 



Daniel Doherty 
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• • *nuSfo£tiie&sion?rateins.forpharmacokinedo analyses ^^^'^f^^^^^^' 
4S is to create fiisioaproteins diat are equal or superior to 
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*w«ta raflxerthand^every other day. Previous studies suggest rtshould.be possible to aduevelhis 
WbV&sioaoftheprotemstotheheavychaiadomainofhurna^ • . „ " 

* UeprirnarygoalofthePhaselportloaofthegrantistoidenfafyoneorin^^ 

WolsFoVSoihatpossessesvrildtypeinj^biologicalactivity. Hie specie tasks mvolved are. . 

n. Clone cDKAs encoding GH,G-CSF and EPO and fiiseDNA encoding IheseproteinstoDNA^^ 
■Hhe Fc or complete heavy diain (CiD regpion of human IgGl. 

*2. Clone DNA encoding the fusion proteins into a marUalian ceU or insect cell expression vector. 

^ *3 TrmfiientlytiansfectmanmialianceUswithDNAencodingIhe Wproteim^^^ 

*&sionprote4tohomoBeneityusingProteinAorGaffinilychroinatopphy.fo^^^^ . - 

■ *dirornatograpHoprooednres, if needed Alternatively, expresslhe&si^^ • 
*punJfy the seereted proteins asdescribed pbovB. 

*4 Characterizeliie fiisionprotBins by pdlyacrylamidB gd electrophoBsis under reducing and non-reduomg 
" - - ■ ■ ednnerio. Deternune the eEEective sizes of the 



*5. Measure bioactivitiss ^C^s) ofthefiisioa proteins usingappropriateGH-, G^^jS^".^^-^ • • 
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♦bioacdvides of the non-fiised protrans. 
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. iSStotoproblemisthedevelopmentofmefliodstoprolong^c^^ . 
..^^peuticsinLbodyso-lhatlheproteinsdonothavetobeinj^^ 
. •Sestoneedsanddesiies.ofpatients&rprotan&erapeutk^ • 
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♦Extending proton haiHife by fusion to human IgGs 

* A second meliiodlhathas been used to proloagfliecirculatmghalf^^^ 
■^recximbinantDNAtecamologytocovaleirilY&sethepi^ 

*has a iong oiidulating half-Jife. One pirteinthathas a lohg circulating half-Lfe and which has been used 
■ *to creatennnBious fusion proteins is hunian IgGL IgGlisflie most coiiiinon immunoglobulin ui serum 
*C70%oftotalfeG), has a serum half-life of 21 diys (Capon et al., 198^^ • . . 

* Hmnan-IgCfehave a muMdomain structure. comprisingtwoU^tchamsdisumd^^^^^^ 

*diains' Each Ughf chain and each heavy chaincontaiiis a variable region joi^^ Itie 
♦variable regions are loc^ at Ihe N^erminal ends of the U^t^ heavy chair^^ 

gimis furlher divided into cm. Hinge. CH2 andCTO doniams. The CHI. CH2 and CH3 
B discreet domains lhat fold into a diaracteristiG structaie. The Hingp region is a region of 
10 



♦considerable flexJbiay. Hie various heavy chain domains are encoded by different exons rnlhe IgG gsnes 

♦CaiisottetaL, 1982). . . ^ , • j 

* ProteinshavebeenfusedtolheheavydiainconstantregionoflgGsattfaejuncbonof-J^ 

♦constant regioiis (lims containing Hie CHl-t35nge-CEI2^C3I3 domains - referred to as the Ch domam) and 
*atihe junction of the CHI andMnge domains (thus eontainingfhe Hinge-CH2-CH3 domains - referred to 
*asfteFc danHin). Ite IgGheavy diain fiisions creke larger proteins lhat are expected to have longer 
*oiiculating hatf-livBS. IgGl heavy chains normally form disnffide-linked dimers Ihrougji cystine boads 
♦Ideated in iheKnger^on. Since IheTDnge region will be present, and unaltered in both of the proposed 
♦fiisionproteins we expect Ihe fusion protans jwifl be dimerio. For some proteins such as the extracellular 
♦domains of-tui^r necrosis fector receptors, dimer fomation has provided unexpected benefits because &e 
♦dimericprobeins were found to possess increased- afBnities for their ligands (Mohier et al., 1993). GH, G- 
♦CSF ahdEPO afebeUevedto act as monomers and there is no evidence to suggest that dimerizationwiU 
♦in^rovB activity, hi feet, it is possible that dimerization with decrease bioactivity of fee proteins due to 
♦interference with the proteins bindinglhelr ceU surfece receptors, melher this is the case is one of the 
♦questions we expect to answer during Phase I. We believe the answer to this question wiU be the crucial 
♦part of the giantthat will determine ultunafe success of the project for we believe there is sufficient 
♦evidence wilh oSier proteins to suggest that it is hi^y likely tiie IgG fiision proteins wiU have longer 
♦rarcnlatmg half-lives than die non-fused proteins. . '. . . 

♦ Ihe flision proteins under development wiU be non-natural proteins andpotentially immunogenMC m • 
■humans. We hope to nunimi2BlMspossibflity by using human IgGl as the fusion partaw rather 
♦^domain from another species. Thus the aitire protein will be of human origin. The junction ..■ 
♦sequences joiningthe two proteins will be the coly "^on-aabiiar sequence in the fiision protans. Any 
♦nramatural sequaices can be removed at a later time, if warranted, by in vitro mutagmesis, as was done 
♦vrifih a CD4-IgG fiision protein (Capon et aL, W89).' Ihe one IgG fiision that has been studied in detail,.a 
♦fiision of a TNF receptor to the Fc region of human IgGi. has proven to be non-immunp^c in humans 
♦(MorelandetaL, 1996; 1997). Thus there is ewtence 'to suggest that IgG fiision proteins V(S11 be non- 




-27, signal .sequence -1 
MGVHECPAWLWLLLSLLSLPLGLPVLG 

1 /9 A-HELIX 22/ A-B loop 

APPRLICD SRVIaERYU^EftKEA ENITTGC3UBHCSLNEMITyPDTKVNFY2U5^^ 

/59 B-HELIX 76/ B-C loop /90 • C-HBLIX . 107/ C-D loop 
QAVEWQSCAIiSEaVLR GQaLLVHSSQPWE ■ PLQIfflVDiEaVVSGIJRSIiTT LLBJUIiGAQ 

•' C-D loop /132 D-HBLIX 152/ 166 
KEaiSPPD2iM2l?lPLR TITftDTFBlXFEVYSNSiilGK LKLYTGEACRTGDR. 



* EPO^ehormoneprimarflyresponsfcle&rstimulatmger^^^ 
*EPOactsmunmatureredblcKdceEpre<^orstostimukte^^^ 

*into mature red blood celk. Reoombinant human EP 0 is used to cestore red blood ceU P^^"*^^ 
*patieatsvril3ianemmiBsultbgfemrenalfeaure,chemcAerapyanddm^ . 
4»hredIT3Aapprovalforstimulatmg^bloodceUforxnHtioam 

*electivBsurgerii U.S.saksofEPO exceeded SI bMonaMworldrmte sates exceeded $2 bilhmm 

tonEPOisa35-39kDaglycoprDteiasecretedbytiieaduttkidney. The mtare humanprotein ' 
*ooiita5ns.l66 amko acids and is heavily glycosylated. The sequence of human EPO isshovramFiguiB3. 
*The primary sequence of EPO is highly conserved among spedes (gtea^ Ifaail 80% idertfijy). Sugar 
*giD,Js^mrfer.siBatBr1han40%of1he.protein'sm^^ Human co^fii«^-M»d 
. *dycosyiation sites and otte 0-linked glycosyMon site (underlined mFignre 3). TheN-hnked 
•• *Syco4latioii sites are conseived-in different species vAereasIhe 0-IinkedglyoosyIation sitoB nrt. 
♦Proper dycosyiation of the N-linked glycosylation sites in EPO extends Ihe protein s circulabng hatf-hfe 
Sb^T^iS^roveslheprot^'spet&m^ 

♦andHogans, 1989; DdbrmeetaL, 1992). ' , ^ 

* TheertsnshreglycosyladonofEPOhasprBVBntedfheprotein'sciystaTliza so the X-ray structure 

*of1hBprotBinisnotkiown.The aniino.acidsequence of EPO is consistent with Ihe protein bemg a 

• .*inBmbw of the CM supeigeae &nUy (Bazan, 1991;Mott and Campbell, 1995) and mutational studies 

. . *support1his view of EPO's stmctnie (Boissel et al., 1993; Wen et aL, 1994). Ammo acids pr^«^to- 
Wprisefte alpha-helices A-D m EPO are shown in bold-feced type m Figure 3. Human EPO contams 
♦fbur CTStane residues. The disulfide assignments are Cys7 to Cysl61 and Cys29 .to qys33 , . 
■ * AnunoaddsmEPOimportantfer.recqtorbindinghavebeenidentifiedthrough 

♦experimentsandresideprimarUyinpresumptiveheBces A, GandD (BoisseletaL, 1993; Wen etal., . 
*1^4- MatJhews et aL, 1996). An important finding relevant to tiiis proposal is that fiision of a six ammo 
*acid poly-histidine tag to the G-tenninus of EPO does not interfere wifli EPO bioactivify ( Boissel et al., 

• *1993). This result suggests lhat oilier G-tenninal fiisions, sudi as Ihpse proposed m this gjant 
*appUcation, also vtfill be active. < r • i_ i- j 

■ * Only a single ceU surfece receptor for EPO has been identified (D'Aqdrea et aL, 1989). It is beheved 

• *ifaatEP0dimerizssits.receptorinamamiersimilarto1he.samevrayGH^^^ 

• *(Cumiin^iam et aL, 1991; de Vos etaL, 1992; MaHfaew's et aL, 1996).- 

*ConimerciaI opportunity , ■ *t, 

*. Recombinant GH, G-CSF and EPO are three of Ihe top five selling pittem pharmaceuticals m the 
Wd, wiBicombinedvTOrid-mie sales exceeding $4 biffion in 1996. Recombinant human GH is used to 



•complianca and ipa%of life. 



*Di Eiperimental Procedures and Methods. 

Z M?^ ™^i^c«?ZmR&D Sv^ or amplified usmg PCRfrom idKNA isolated ftomlimnan 

*S^dedcDNApxep4dfidahmnanaduklddaey or fetal Md^^^ 
*S^ilhcO.PCRprimerBV»fflbedesigaedbasedupoatbek^^^ 

ofeoaucboddes. M cloaes wiU be verified by sequencing. Tlie cDNAs vnU be designed to 
*SSffiSJgaal sequences required for secretion of the proteins fromtije^U^ The cDNA. 
♦akovriUbedesignedtodeleteliietenninationcodonandaddanui-fiaineuni^^ . 
SSjoilgTo DNA sequences ehcodingtHelgGlCHorFc^do^^^^^^^ 
I^SUelverseprimersusedforPCRan^M^onorinohgonud^^ 
• *genes. The forward primers will iaduds an optimized Kozak s^uence CGCC(A/G)CC A;^). v*^^ tne 
SediedATCistfaeimdatDrmrfhioniiM ' . 



cells (Kozak. 1991). 



•.^S-tS5edhuxn^leuI.bc5.eSNACa^^ablefromC^^^ 
Abased upon the knom sequence of IgGl DNA (Ellison etal.. 1982) Th^ toon pojjs^^^ 
•VsitionloftiieCHldonminandasparticacidatlhebagimmigof^eFc^ 
Sm^entiestrictionenzyme sites vaUbeinooq,o 
♦plagmidsandfiisionpnJtMnoonstructioa; . 



G^SSE^rigGfusionprrteinswiUte sequenced and . 

*^«CrcolotxHL-dpassedtln.u^a.Pr^^ 



4S3,1faeIgG&simproteinsvvfflbep«rififidfiiiflierusing.af^^^ 



♦exchange, hydrophobic inteacaoa or Siz^taslm «*roiiiatog^ 
♦SSrfSig^mmBroianyavaaabteprctoia assay kits Cavaa*le&HnBio-RadU^^^ 
*^SSlds ofolher IgGfi^oaproteinsi^latedfemtransfectedCOS cellsaie mte range.of 1 

Voteins in insect cells as secreted protein^. cDNAs encoding tiie fusion protems ,^be cloned^ 
4inmerciattyavabble vector^. e*.pVL1392&omInvitrogen,^c. and u^^^ 
*IniaaUy.v«'Uattea5rt expression ofihefeion proteins usmglh^ 

^iniuBux^^^^^ t^^signal sequences typically function in insect cells. Tf we find that one or more of 
Stopioteinsis not secreted effidently. we v^subdoiielhefe^^^^ 

*plBsaudpMaBAC (available from-Invitrogen). wfaidi contains a signal sequence . 
^.ellitm protein and has been used to secrete tnaminalian proteins from msect ceUs. We ^l^^^ f 
♦approprLexpressionpIasmidsandthencontractIhe insect ceUexpression^^^^^ 
*Cdorado HeaWi Sciences Center Core Insect CeU Expression laboratory, which performs tiiis work on a 
*fe9 for service basis. Insect cells will be infected with recombinant viruses in medm contammg serum,. 
S^ S'rhours. washed and grownfor several days in sexmn-freemeJa.Al^^^^ 
*media will be coUected on a daUy basis and analyzed for tiie presence of the secreted protons by SDS- 
• *PAGE.foUowedbyWestemblotsusiilgapprop^•ateantisem.■••A^te^ati^ . 
♦proteins will be detected and quantitated using ELBA assays specific for GH, G-CSF and K>0 (P&D 
*Sysiems. Diagnostic Systems Laboratories). " Fusion proteins wiU be punfirf from f°°^'"^^ fl^J. • 
*usS Pr^in A affinity chromatography, as described above: Bound protems will be released fem the 
♦SinLsnsinglowpHbufifer. icnmediatelyneutrali^anddialyzed. If needed, the protems wiU be. 
♦purified further using size exclusion and ion-exchange column chromatography procedui^. 

*Physical characterization of IgG fusion proteins ^ , „f a 

* WleGfiisionproteinswiUbechararterizedbySDS-PAGEm.1faeprBsenceandabse^ 
♦disulfide-reducing agent to determine their relative molecular massesand to determme ^^etherlhey exist 
♦asdisulfide^linkeddimers. Based on^dies with other IgG ftaion proteins we expect-^^^ 
♦exist as disulfide-linked dimers. Dimeiization occurs Ihrou^ cysteme residues m the IgGl heavy diam 



*Hmge region, v*ich is present k aU tiie ctinstracts. The apparent molecadar taasses of the protans also 
• "NriU be detenniiied by aze-exclusioa diromatog^ 



*In vitro evaluation of EPO-IgG fasion protons 

* EPO-IgG&sicniFrobransvnnbBtestedin cdlpioHferalim assays usingliie ^0-responsivex»U bass. 
*UT7-epo (Wen et aL, 1994) or TFl (available fiom flie American Type Cutaire CoUecdon) to measure 
♦specific aodvides. Dr. H-F.-Bmin (Bi^iara and Women's Hospital, Boston, MA) has agreed to provide us 
*wilh the Un-^o ceil line. CelIswiUl)eplatedfn96-weUmiorotiterplates with serial 3-fold dilutions of 
*EPO EPO-fe(JfiisioapialBins,lHmianligGl or buffer. Assays will be performed in triplicate. Aflerl-3 
♦davs'in cutaue. flie cells will be washed, incubated for 4 hwifli ^H-thymidine andharvested for 
*deteiminatioa of incorporated radioactivity by scintifladoh counting. Alternatrvely, vve wiU develop a 
*iioiiiadioactivB dye uptake assay employing MTF CSigma) to measure ceU proliferation/viability. For 
Sihese assays, cells will be grown for 2-4 days in the presence of EPO, EPO-IgG fiision protems> human 
*IgGl or buffer before treatment wilh MTT. Ihe ceUs will be solubffized, incubated overai^itto allow 
*cotar fbrmation and absoifaance of the plates read'the next day using a microtiter plate reader. The ECjo 
. *wJll be deteimined for eacli protein. Assays will be perfonned at least three times for each protein, and 
. *withtripUcate wells for each data point ECs. comparisons will be used to compare the relative potencies 
*of EPO and the EPO-IgG fiision proteins. ' Fusion protsins displaying similar optimal levels of stimulation 
*(90% or more) and ECjo values conqiarable to EPO (within 2-&ld) will.be considered for fiulfaer study. 

*Phase n - In vivo evaluation otGH-, G-CSF- and EPO-IgG fusion protein candidates. 
■ * • We expect that tiie Phase I experiments described above will allow us to determine whsflier the GH-, G- 
*CSF- and EPO- IgG fusion protems possess bioartivities comparable to tiiat of GH, G-CSF and EPO in 
* in vitro assays. Demonstration tiiat at least-one of tiie IgG fusion protans possesses wild type in vitro 

• • *bioactivity wiU be tiie criterion-used for successftd completion of Phase I. Fiision proteins that retain full 

*acti\dty in in vitro assays will be candidates for furlher develcpment If both tiie Ch and Fc IgG fiision 
♦proteins posess fiiU activity, we wiU .analyze both during Phase H to determine which performs best in 
♦animal disease models. ' ' 

*The following experiments vrill be performed during tiie Phase H portion of tiie grant 
Construction of stable maniinaliaiicdl lines expressing OCe IgG fiision protdns 

• * hi order to obtain tiie large amounts ofpnitdn required fiw animal experiments vrevriUn 

♦larger- scale processes for eqiression and purification of tiie feG fesion proteins usmg stably tiansforaied . 
• *nianimalian cells. We expect the purificatiDn schemewill be similar tofhe one developed for small-scale 
♦production of flie fusion proteins. For stable expression m-mammaUan cells, pcDNA3 .1 plasmids 
♦mcoding tiie IgG fiision proteins witt be used to stably transform DHFR" GHO or rodent NgO myeloma . 
♦censusmjG418 antibiotic resistance to sdktforcellsejqpressingstably-inte A 
♦plasmid encbding gtatamins ^nJhetase or dihydiofolate reductase (DHFR) vrill be co-transfected with the 
♦pcD"NA3 .1= IgG fiiaoa ptotran plasmids to allow ^>r gate artplification at a later time to increaseprotein 
■production levels. FdHowing selection of single-cells by Inniied dilution cloning, suijlines will be 
♦devBlopedand scteened for GH-, G-CSF-'oir EPO-IgG expression using GH, G-CSF, EPO and IgG 
*ELIS A assays (Rj&D Systems, Diagnostic Systems Laboratories). Increases levels of protein production 
♦can be adiieved by selection usmg increasing concartrations of melhrtrexate (DHFR" CHO cells) or 



■^etiuonmesulplioximinefor NSO cells) in ihegrowfli media. laigp seals inaiinnaHanceQoiAarewifc 
*will be contracbed to iheColorado Bioprocess Cenfer atColorada State IMversiJy, iprtudiperfonns ftas 
♦service on a fes for service basis. 

*Emression and purification of control proteins - 6H, G-CSF and EPO 

* Large amounts (tens of milligtanis) of non-fiised C3H, CKJSF and EPO wiU be required as controk for 
*(he animal e3g)eriments and wffl have to be mam^ ReconibinanthiraianGHandCMSF • 

♦fothnman use are manufectnred in bacteria, v/heieas recombinant EPO needs to be manufecturedusmg 
*inammalian:cdls. (M vriil be atpressed in E.coli using ihe SHI or Omp A signal sequences to secrete iKe 
%iature.protBinintoflieperiplasnncspaceCHaungetaL,1986;C^ SecretoiGHB 
♦properly folded and biologicany acSvB. FoUowing osmotic shock, the secreted protein wdl be punfied by 
*conventiDnal column chiomatogiaphy metbods. G-CSF will be produced as an intraceUular protem m R 
*oolL Tie recombinant protein is insoluble, biit can be refolded into an active form usmg weU known 
♦procedures ffiouza etaL, 1986). Recombinant EPO wiU need to be manufectured usmg mammalian CHO 
♦ceHstoensureproperglycosyiadon a)elormBetaL, 1982). Stable cell lines secreting EPO will be 
♦prepared as described above for fliefiisionpratans. Recombinant EPO wiU be q)itopBta^( using a 
*(IEs)6 or FLAG (Kodak) tag) at its Otsaiamsio-EadaitaSsr^^ by afSruty chromatography.. 

*Pharmacokmetic experiments with IgG fiision protons 

* We wiH collaborate with researchers atliie Office of Laboratory Animal Resources atthe Umversity of 
♦Colorado HeaMi Sciences Center to perform pharmacoldnetio stadies of the fesioa proteins to detennme 
♦to what fiision oftheproteinstolheFc or Ch domains of human IgGl extaids the in vivo half lives of the - 
♦proteins. Tlie OfSce of Laboratory Aidmal Resources is an accredited animd research fecil^^ These 
♦data will guide us in designing animal experiments to dstennine dosing regimens to compare the 
♦efficiencies of IgG fosion proteins to Hie natinal proteins. Pairs of rats will receive an intravenous bolus 
♦injection of each protein and circulating levels of lie proteins will be measured over the course of 24 h. 
♦Protem levels will be quantitated using Commercially available human ELISA lots for GH, G-CSF and 
♦EPO (El&D Systems and Diagnostoc Systems Laboratories). Additional experiBtents will be performed 

■ ♦usmgthe subcutaneous route of administtation. Similar experiments will be performed with the non- 
♦fiision proteins. We e?q»ect to findtiiat(l)&sidiiofthe proteins to the Fc or Ch domains of human IgG 
♦significantly ejctends tiie circulating half-lives of GH, G-CSF and EPO relative to the natural protems and 
♦(2)" fiisiontothe larger CHdomaboflgGl radends the circulating half-fife xnore than foaon to the smaller ■ 

. ♦Fc domain. • ' " " 

'''Animal ctisease models - general considerations 

♦ We will con^arethe relative efficades of the Ch and Fc IgG fosion proteins in appropriate animal 
♦disease modfels, as described below. Appropriate dosing sdiedules will be determined for each fusion 
"ipratm. WeexpecttofindthatliielargBrfusionprotraarnolecdemcreasesthecirculatiQghalf-^^ 
♦flran the smaller fosion protein molecule and will require less fiBquent dosing. However, large protems 
♦may have reduced vohnnes of distribution mvivo: thus it is possible the larger fosion protems may limit 
. ♦bioavailabllily, reducing its efficacy. Annual disease models will allow us to determine if this is Hie case. 
♦Onceflie optimum dosing schedule and.fiision prptran size-are determined, we will compare the efficacies 
.♦of Hie fiision proteins to each oflier and to fte non-fosed proteins in the animal models. We sxpeO. to find 
♦liiatthelgG fiision proteins produce results equd or superior to.the non-fiised protems, but ^ 
♦less fiequently. We ejqiect to find that the IgG fiision proteins are more efficadous than the non-fiision 
♦pratE»ns vihsa both are administered using the less fiequsit dosing schedules. 



* Animal anemia models to test EPO-IgG development candidates 

* hvivo bioacdvities of the EPO-!feG &si6n proteins wOl bo tested using the artificial pblycytbemia or 
♦starved rodent models (Cotes and Baii^ham., 1961; Goldwasser and Gross., 1975). In die starved rodent 
♦model, rats are deprived of food on day one and treated \7itKtBst samples on days two and three. On day 
♦four,.rats receive an injection of radioactive tFoa-S9. ApproTdinately 18h later/rats ace an^etized and. 
*b]ood samples drawn. Tbs percent coovetsioa of labeled iioa into red blood cells is then 'determined. In 
*the aitifiraal polyi^&eniia moddl, mice are maiotained iix a dosedtank and- exposed &r several days to 
*fa.ypobaiic air. TheaxunoIsarellimbiDu^tonornialmrpressure. Red blood cell fisrmadon is- 
"^suppressed fixr. several days. On day four or six after return to normal air pressure, mice are injected widi 
♦EPO or saline. Mice recdvBotieinjecdoap^ day fbroae to two days. One day later tiie animals receive 
*an intravoious iajecdon of labeled iron-59. The mice are eoliiaaisd 20 h later andtiie amount of labeled 
"^ifon incorporated into red blood cells determined. EPO' stimulates red blood cell formation in both 
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.♦models as measured by a dose-dependent increase in labeled iron bcoiporated into red blood cells. In 
*bofliiti6dels we will study difierent dosing regjmens and different times of injecdons to detennine if EPO- 
*IgG is more potent and produces longer acting effects ihan natuial EPO. 

* We vrfll contract with, an accredited coinmerdal animal testing fediily or an acadenaic laboiatoiy to 
♦perform these eiqjerimsits. We also will identify" an acadanic consultant with eaqperiaice with these 

. ♦animal models to he^ us in the pei&inianceofi3iee3q>eiiniHits. 

*Re^earc!i summary: . 

* SuccessMam^letioaoftbe Phase I and Phase n studies oudinedniftispri^^ 
♦creation of teng-acting versions of CaJ, G-CSF -and EPO fpr use in treating short stat^ 
♦neutiopema and anemia. These.studies will prowde -vahiable basic stnicture/fimction infennation about 
♦fliree of tie most in^jtMCtant human fhsrspeutic proteins discovraed to date. In. particular, tiiese studies, 
♦should piovitte important data canceming the iole df the C-tenninus of the proteins in binding to cdl 
♦suifece receptors and activating intracellular sigialing palhways. More generally, knowledge gained fiom 

• .*ihese studies will aqpand Ifae potaatial number of (^kines and growth fectors for which feG fiision 
♦tedmobgy has been assessed. Successful development of fully active, long-lived GH,G-CSF- or EPO- 
*]feG fusion proteins will stiinnlate creation of additional cytokine/growth fector-feG fiision proteins using 

ggmateriinrfl ngy^ pfliticidariy wifli olfaer manbets of the Caa suoeojene femily. Ihese long-iived 
4piDtdms will find applications in treating a'nnmber dfduonic disease indications, including endocrine, 
♦hematopoielac and inflammatory disorders and cancer. 
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RESUME AND SUMMARY OF DISCUSSION : This proposal is intended to prepare long 
acting analogs of growth hormone (GH), granulocyte colony stimulating factor 
(G-CSF) and erythropoietin (EPO) by conjugating with the Fc or complete heavy 
chain domain of human IgG-l. The methodology proposed is straight- forward. 
Although the proposal has scientific merit, the fact that the applicant has to 
generate all the cDNA clones represents a significant amount of effort and it 
is not clear if the applicant has expertise for accomplishing the proposed 
work. 



DESCRIPTION ; Mo'sta-fe|psari?^fp#ii 
rapid clearance of the proteins from the body. Deveibprnent of second generation 
protein pharmaceuticals that can be injected less frequently is of considerable 
interest to patients and healthcare providers. We propose to. createi long-acting 
forms of growth hormone, granulocyte colony stimulating factor and 
erythropoietin by fusion of these proteins to a naturally-occurring protein 
with a long circulating half-life. These modified proteins will possess 
biological activities equal or superior to the.- corresponding, natural proteins 
in vivo , but will require less frequent dosing, on. the order of once every two, 
to four weeks, rather than daily or every other day. During Phase I we will 
construct the fusion proteins and demonstrate that they possess wild type in . 
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vitro bioactivities . During Phase II, we will manufacture sufficient 
quantities of the modified proteins for testing in animal disease models. The 
improved characteristics _of the novel proteins will reduce the amount of 
protein required per patient, improve patient compliance and quality of life 
and result in considerable cost savings to patients and healthcare providers. 
These proteins will find utility in treating endocrine and hematopoietic 
disorders, and complications of AIDS and cancer chemotherapy. 

CRITIQUE 1 ; During Phase I, the applicant proposes to produce conjugates of 
growth hormone (GH) , granulocyte colony stimulating factor (G-CSF) and 
erythropoietin (EPO) with Fc or complete heavy chain (CH) region of human 
IgG-1. The methodology would involve PGR amplification of GH, G-CSF and EPO 
sequences and ligating these sequences with cDNA corresponding to Fc and'Ch 
domains to produce fusion proteins followed by subcloning the fusion gene in a 
mammalian expression vector pcDNA3.1 for transient or stable transf ections in 
mammalian cells. Following purification, the biologic potency of the fusion 
protein will be tested for their ability to stimulate in vitro cell 
proliferation. The Phase II of the project would involve large scale isolation 
of the fusion protein and in vivo biologic testing. 



The methodology proposed is a commonly used procedure for the construction of 
fusion proteins. Therefore, this aspect should proceed without great 
difficulty. The strategy for testing the biologic potency and serum clearance 
is also straight forward. The proposed experiments are technically feasible and 
should proceed without much problem and the investigation should be able to 
proceed to Phase II study. 

Although the experimental strategy is straightforward, it is somewhat 
disconcerting that they have not acquired any of the required reagents. The 
applicant does not appear to have experience in cloning. 

CRITIQUE 2 ; Recombinant proteins, such as GH, G^GSF> and Epo, are used 
therapeutically at present to treat short stature, cachexia, neutopenia and 
anemia. Current world-wide sales of such protein therapeutics is more than $10 
billion i and growing at a more than 10% annual rate. En their present. form, 
however, these agents must be administered frequently, usually by injection, 
due to their rapid clearance from, the eircu2a£i05i ^-'Sat^sis - the factors that 
determine the clearance rate for- a- clrcL -lc t3:^-^ ^c-C#f^ _are' its size and types 
of secondary modifications, such- a^s•^g}l y cgj^jpl ^E^^ ^ ^S5'^agyi ^cA^t ' s goal, to 
create longer acting forms of GRi- Cr^^gy^.^g ^ ^gSf '^Sag» i§xnq these as fusion 
proteins with the heavy chain- of W 
has a solid scientific base-j 
order of approximately. 21t.daySP 



proteins considerably -extends 
evident success with subst, 
and growth factors, IgGvfusK 
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available Lys residues, resulting in Heterogeneous cross-linking and a 
non-uniform product. Furthermore, Lys residues often play a key role in a ,' 
protein's bioactive properties; consequently, PEGylation is frequently found to 
decrease, if not destroy, a protein's bioactivity. Indeed,, the three proteins 
under study in this application all contain Lys residues that are known to be 
critical for bioactivity. Free Cys residues can also be targeted for PEGylation 
using a Cys-reactive PEG, but generally this involves protein engineering to 
replace a surface- exposed non-essential residue with a Cys. To be successful, 
this involves intimate knowledge of the protein's 3D .structure and modeling 
studies so that the new Cys residue does not interfere with. proper protein 
folding. The applicant has extensive experience with protein; ^ PEGylation, and 
appears fully aware of the strengths and weaknesses of -theavagx^s'-^approacliiejSj 

-^^^Bik^cgntali^s used 4 'main =aBameM^iteo|fe^y@9ipa|g^^?^op5saBi'lCil ) ' RecomBinant 
G^|^:5gSF,daiid(,Epo represent .3 of i!thgTtop?5iEseltLii^i^^^t6-£nI^nai;«^^ in 
t-^e^lQEld-, emphasizing .the coinmercial- u!tilii-eyf-of-i^«3h'e^ri(3posaI;' (2) Although 
^les^E^jprdimary structures differ extensively, Gtlr Gr^GSF and Epd bear similar 
terfeicif 3^ -structures and are considered to be members of a single supergene 
famdily*.. Given this structural similarity, their mechanism of interaction with 
cognafce surface receptors is also analogous; (3) IL-2 and IL-10 are additional . 
members, of the same supergene family, and igG fusion protein teGhnology has 
been applied successfully to them; and (4) It is known that improving the 
circulating half-lives of GH, G-CSF and Epo increases their ■ effectiveness"' in ' 
vivo.--;Thqse criteria are clear and form an excellent basis -for- the proposal. ' 



Five specific aims are proposed for Phase I, which is budgeted for a 6 month' ; 
period: 

1. Clone cDNAs encoding GH, G-CSF and Epo and fuse these cDNAs to DNA encoding 
the Fc or CH of human IgGl. A PCR-directed cloning strategy is proposed using 
commercially available reagents. 

All,clones.5Will.,be verified by sequencing. For GH, G-CSF and Epo, the cDNAs 



ain arid Aspl of the F'e 
dpmaint Efficient translation bf the proteins in mammalian cells will be 
facilitated by the incorporation bf an optimized Kozak sequence. These are all 
straight- forward techniques with which the PI has extensive- experience, and no 
difficulties are anticipated. The one question that remains r^deais with the' IgG 
portion of the constructs. No criteria are presented ■:tiQ-;deitge7i?^^^^ the 
applicant will choose the Fc or CH domain as the £\isim^^i§l^^^ii^^ior- each' of the 
constructs, or whether both forms will be constructed- fe^^^aTgli W the candidate 
proteins. . 



Clone the DNAs encoding the fusion proteins unto 
expression vectors. 

The fusion proteins will.be assembled in plasmid] pi 
into the mammalian cell expression vector pcDNAS; 
used for both transient transfection and stable fti 
a good choice as it contains the strong CMV proi 




"ect cell 
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replication for .high copy number and selectable .markers for 'growth in bacteria 
(amp resistance) .. .and mammalian cells (G418 resistence) . 

Transiently transfect monkey COS cells with the fusion protein expression 
vectors, purify secreted fusion protein to homogeneity using Protein A or G 
affinity chromatography, and other chromatographic procedures, if needed. Move 
to. insect cell line expression, if necessary. 

Transfected cells will be grown in serum-containing medium for 24 hr, and then 
grown for an additional 24-72 hr in serum-free medium. Media 'eoiitaining -the- 
secreted fusion proteins will be ..concentrated and -appMied'rfeQ--ia<ie&o'e^in- A" column 
to purify the fusion proteins by binding' the tpejSfidfti-dri of ehe expressed 
proteins". The applicant should exeFcise' cauti^^ since bovine IgGs, 

-q5Jt^tained,.in the.FBS used for the initial culture, will also bind to Protein A 
a!^-^tfoufift'IffQ%^ human --.igGS'-i . (The use of Protein G would be a poor 

~cff^:fe©^^^|i^:|sist^^^s3tfnce i^v-m&^Qsmin'ai-svim.Y st#»€hi=s\4matrxx . ) Depending 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 



Public Health Serv ce 
National Institutes of Health 



National Institute of Diabetes and 
Digestive and Kidr ey Diseases 
Bethesda, Marylard 20892 



July 24, 1998 



Our Reference: 1 R43 DK54561-01 



George N. Cox, Ph.D. 
Bolder Biotechnology, Inc. 
678 West Willow Street 
Louisville, CO 80027 



Dear Dr. Cox: 



The National Diabetes and Digestive and Kidney Diseases Advisory Council, at its May 27- 
28, 1998 meeting, completed second level review and recommended approval of the Phase 
I Small Business Innovation Research (SBIR) grant application referenced above. 

We are pleased to inform you that we intend to fund this application subject to resolution 
the issues discussed below. As part of our administrative review, we have identified the 
following issues that must be addressed before an award can be made. 



o Verification of Principal Investigator's Prinriary Employment 

o Updated Other Support Information 

o Confirmation of Direct and Indirect Cost Award Amounts 



o Fee/Profit 

Please provide updated Other Support information for yourself and all other key personnel. 
This information should be shown In three groups: (1) all currently active research support; 
(2) ail applications or proposals pending review or funding; and (3) applications and 
proposals planned or being prepared. Include all federal and non-federal grant andsontra :t 
support and specifically identify SBIR projects. For each item, give the source of fundinj , 
identifying number, project title, name of principal investigator, hours per week on the 
project, annual direct costs, dates of the entire period of support and a brief description of 
the project. If any of these overlap, duplicate, or are being replaced or supplemented by the 
present application, delineate and justify the nature and extent of the scientific and 
budgetary overlaps or boundaries. 

SBIR guidelines indicate that the primary employment of the Principal Investigator must t e 
with the small business at the time of award and during the conduct of the proposed SB R 
project. Primary employment means that more than one-half of your time must be spent in 
the employment of the small business. We hereby request certification that you meet this 
requirement. This certification may be a letter signed by both you and an authorized official 
of the small business. If you are also an employee of another company or institution, we! 
require a signed statement from an authorized official of that organization, indicating tha t 



you are or will become a less than half-time employee of that organization during the 
proposed SBIR project. 



Effective with SBIR grant awards with budget period start dates of July 1, 1993, and 
beyond, grantee organizations may request a reasonable fee or profit as part of the total 
amount of the SBIR award. A fee or profit is part of the grant award which Is $100,000 for 
Phase I grants. In your response letter, please include a statement declining or waiving this 
fee/profit, or a revised budget proposing a fee/profit. Either response must be properly 
countersigned by your business official. 

Current SBIR Guidelines state that the total cost {direct plus indirect and fee/profit) of a 
Phase I award may not exceed $100,000. Our preliminary review indicates that the 
estimated total cost is $100,000. This is based on recommended direct costs of $86,500 
plus $9,500 indirect costs and fee/profit $4,000. 

Once the above issues have been addressed satisfactorily, we will proceed with issuing a 
Notice of Grant Award for this project. However, please be aware that this letter does not 
take the place of the official award notice. Therefore, any expenditures or commitments 
made prior to receipt of a Notice of Grant Award, are at your own risk. 

The signatures below identify the Institute staff administering this award. The program 
director should be contacted with respect to scientific and technical aspects of the award 
and the grants management specialist should be contacted regarding business administre tion 
of the award and matters pertaining to PHS policies. 

Additionally, the following internet websites contain information which you may find usefi 

1) http://www.nih.qov/arants/fundina/sbir.htm 
SBIR/STTR Home Page 

2) http://www.nih.gov/qrants/fundinq/welcomewagon.htm 
NIH "Welcome Wagon" Letter 

Information provided in this memorandum is for officials of organizations planning 
submit a grant application or receiving an award for the first time from the Nations 
Institutes of Health (NIH). The intent of this memorandum is to highlight key 
requirements, provide referrals to important sources of information available from 
and identify NIH, Public Health Service (PHS) and Department of Health and Humap 
Services (HHS) offices having responsibility for certain administrative functions. 
Information available through these resources will be important to those having 
responsibility for the administrative and fiscal management of NIH grant and 
cooperative agreement awards. 

3) http://www.nih.qov/grants/funding/funding.htm 
Information about ongoing grant programs and special initiatives will be posted at 
section. This includes application kits, guidelines for applications for various types 
grants [e.g., fellowships {F32), regular research projects (R01)], and identification 
appropriate contacts at the institutes and centers that make awards. 



If you have any questions or if we may be of assistance, please contact us. 




Philip F. Smith, Ph.D. 
Director, Pituitary & 
Neuroendocrinology Res. Program 
Div. of Diabetes, Endocrinology, 
and Metabolic Diseases 
45 Center Drive, MSC 6600 
Bethesda, MD 20892-6600 
(301) 594-8816 



Ephraim Johnson ■ 
Grants Management Specialist 
Grants Management Branch 
Div. of Extramural Activities 
45 Center Drive, MSC 6600 
Bethesda, MD 20892-6600 
(301) 594-8868 
Fax #(301) 480-3504 
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Bolder Biotechnology, Inc. 
678 West Willow Street 
Louisville, CO 80027 
Tel: 303-735-2296/ FAX: 303-492-8731 



August 2, 1998 



H. FrankUn Bunn, M.D. 
Hematology/Oncology Division: LMRC 2 
Brigham and Women's Hospital, Room 223 
221 Longwood Avenue 
Boston, MA 02115 
FAX: 617-739-0748 

Dear Dr. Bunn, 

We spoke several times about a year ago concerning a grant I was submitting on EPO. I 
was interested in obtaining the UT-7/EP0 cell line from you. I received the grant and am 
getting ready to begin in vitro assays. As you requested, I contacted Dr. Komatsu and . 
received his permission to obtain the UT-7/EP0 cell line from you (see attached e-mail 
letter). I will be glad to reimburse you for shipping ejcpenses. Before you send the cell 
liae, would you please FAX or e-mail me the media and supplements you use to propagate 
the cell line. I couldn't fmd this information in your papers. 

Our shipping address is: Bolder Biotechnology, Inc. 

Porter Biosciences Building 
Room 0058; Attention Mike Pettit 
University of Colorado 
Boulder. CO 80309 

Thanks for your help. 
Sincerely yours. 



Joe Cox, Ph.D. 

e-mail: BolderBio@aol.com 



Subj: UT-7/EP0 cell line 

Date: 98-06-12 00:05:16 EDT 

From: nkomatsu@ms.jichi.ac.jp (Norio Komatsu) 

To: BolderBio@aol.com 

Dr. Joe Cox, Ph.D. 
Bolder Biotechnology, Inc. 
678 West Willow Street 
Louisville, CO 80027 
USA 

Dear Dr. Cox: 

Thank you for your interest in my cell line UT-7/EP0. 
Please use UT-7/EP0 cell line for the purpose you described in your letter. 
Please do not allow this cell line to leave your laboratoiy without prior 
consent from me. 

If the cells were to be for commercial purposes, please contact me. 
If you have any question, please gi\e me a letter by e-mail. 

Sincerely yours, 

Norio Komatsu, M.D., Ph.D. 

Division of Hematology 

Department of Medicine 

Jichi Medical School 

Minamikawachi-machi 

Tochigi 329-04, JAPAN 

FAX 81-285-44-5258 

E-MAIL: nkomatsu@ms.jichi.ac.jp 



Headers ■ 

Return-Path: <nkomatsu@ms.jichi.ac.Jp> 

Received: from relay16.mx.aol.com (relay16.mail.aol.com [172.31.106.721) by alr16,mail.aoLcom (v43.25) with SMTP; Fri, 12 
Jun 1998 00:05:16 -0400 

Received: from msjichi.ac.jp (ms.jichi.ac.jp [202.233.240.13]) 

by relay16.mx.aol.com (8.8.5/8.8.5/AOL-4.0.0) 

with ESMTP id AAA18353 for <BolderBio@aol.com>; 

Fri, 12 Jun 1998 00:03:55 -0400 (EDT) 
Received: from [202.233.243.52] a202.233.243.52]) 

by ms.jichi.ac.jp (8.8.7/3.6Wbeta7) with SMTP id MAA17828 
for <BolderBio@aol.com>; Fri, 12 Jun 1998 12:54:22 +0900 (JST) 
Message-Id: <199806120354.MAA17828@ms.jichi.ac.jp> 
X-Mailer: Macintosh Eudora Pro Version 2.1. +>J 
Mime-Version: 1.0 

Content-Type: text/plain; charset="ISO-2022-JP" 
Date: Fri, 12 Jun 1998 13:29:57 +0800 
To: BolderBio@aol.com 

From: nkomatsu@ms.jichi.aG.jp (Norio Komatsu) 
Subject: UT-7/EP0 cell line 



FridayJune19,1998 AnarieaC 



EXHIBIT E 




American 
Type Culture 
Collection 

10801 University Boulevard 
Manassas, Virginia 20110-2209 USA 
703-365-2700 FAX: 703-365-2750 
INTERNET: sales@atcc.org 



I INVOICE I 



BILL-TO: 

39809 

Bolder Biotechology, Inc. 
678 West Willow Street 
Louisville, CO 80027 
USA 

P.O. 074 



To insure proper credit to your account, please provide your 

ATCC ACCOUNT*: 

AMOUNT PAID: $ 



IV39736 -39809 



SHIP-TO: 

0004671.6 
Bolder Biotechology, Inc. 
Porter Biosciences, Room 0058 
University of Colorado 
Boulder, CO 80309 
USA 



Due 30 days from Invoice 



SALES ORDER #: S044275 
ORDER DATE: 08/19/98 
SALESPERSON: ntumba 



INVOICE #: 
INVOICE DATE: 
SOLD TO: 



SHIPPED VIA: 
SHIP DATE: 



Airborne 
08/20/98 



DESCRIPTION 



TF-1 HUMAN, BONE MARROW, ERYTHROLEUKEMIA 



Taxable Total: 0.00 

Tax[1]: 00.00% Tax[2]: 00.00% Tax[3]: 00.00% 

Amount Pre-paid: 0.00 



ATTENTION! 

Our new remittance address Is 

ATCC, PO Box 3605, Manassas, VA 20110 



Line Total: 
Total Tax: 



Shipping & Handling 



Discount 00.00% 
USD Grand Total: 



$155.00 
0.00 



IIVIPORTANT - 

On orders, inquiries, & payments, refer to this assigned ACCOUNT # 



Page# 1 




Invoice No.: 841827-T 

Page: 1 



Order Taken by: amandal 

Sales Rep.: 703 

FOB: Origin 

Shipped: 08/26/98 

Pack Slip: 980826-05 0002 

R&D Order: BT-0194618 



Federal Express 



Attn: HIKE PETTIT 
BOLDER BIOTECHNOLOGY, INC. 
PORTER BIOSCIENCES, ROOM 0058 
UNIVERSITY OF COLORADO 
BOULDER, CO 80309 



Bill to: 



Attn: GEORGE COX 
BOLDER BIOTECHNOLOGY, INC. 
678 WEST WILLOW STREET 
LOUISVILLE, CO 80027 



Customer P.O.: 087 
C0M1: 
COM2: 




Description: 



287- TC 

F I 078041 
215-GH-005 

AR058032 



Recombinant Human EPO (Tissue Culture Grade), 500 un 
Recombinant Human GM-CSF 
Shipping/Handling Charge 
Total (U.S. Dollars): 



$ 395. C 
$ 205. C 



$ 395.00 
$ 205.00 
$ 25.00 
$ 625.00 



Invoice No.: 841827-T 

Terms: Net 30 Days 

Amount: (U.S. $) $ 625.00 

Customer P.O.: 087 

Tax ID: 

Purch. Agent: Joe Cox 

(303) 735-2296 



R&D Systems, Inc. 
Accounts Receivable ' 
614 HcKinley Place NE 
Minneapolis, MN 55413-2647 




Notice - On July 1, 1998, R&D Systems (TECHNE) 
bought Genzyme's research reagents business. 
As of August 1, 1998 all ordering (1-800-343-7475) 
and invoicing will be done through R&D Systems. 

Please remit your payment to the above address: ' 




Type Culture 
Collection 

10801 University Boulevard 
iVIanassas, Virginia 20110-2209 USA 
703-365-2700 FAX: 703-365-2750 
INTERNET: saies@atcc.org 



BILL-TO: 

39809 

Bolder Biotechology, Inc. 
678 West Willow Street 
Louisville, CO 80027 
USA 

P.O. 100 



To insure proper credit to your account, please provide your 

ATCC ACCOUNT*: 

AMOUNT PAID: $ 



SHIP-TO: 

00068054 

Bolder Biotechology, Inc. 
University of Colorado 
Porter Biosciences' 
Rm. 0058 
Bolder, CO 80309 
USA 



IV45144-39809 



Due 30 days from Invoice 



SALES ORDER #: sp50133 
ORDER DATE: 09/21/98 
SALESPERSON: 100 



INVOICE*: IV45144 
INVOICE DATE: 09/25/98 
SOLD TO: 39809 



FOB: 
BOL: 



SHIPPED VIA: Airborne 
SHIP DATE: 09/24/98 



HTB-9 
CRL-9589 
003 CRL-1650 



DESCRIPTION 



5637 CARCINOIVIA, BLADDER. PRIMARY, HUlVIAN 1 55.00 

AIVIL-193 ACUTE MONOCYTIC LEU KEIVIIA, HUMAN 155.00 
COS1 SV40 TRANSFORMED, AFRICAN GREEIM MONKEY, CERC0PITl[)ECU3 95.00 



Taxable Total: 0.00 

Tax[1]: 00.00% Tax[2]: 00.00% Tax[3]: 00.00% 

Amount Pre-paid: O.OO 



ATTENTION! 

Our new Tpmlttance address is 

ATCC PC Box 3605, Manassas, VA 20110 



Line Total: 
Total Tax: 



Shipping & Handling 



Discount 00.00% 
USD Grand Total: 



IMPORTANT- 

sli orders, inquiries, & payments, refer to this assigned ACCOUNT # J»ou» 



Page# 



155.00 
155.00 
155.00 



$465.00 
0.00 



EXfflBIT F 



Bolder Biotechnology, Inc. 
678 West Willow Street, Louisville, CO 80027 
Tel: 303-735-2296/FAX: 303-492-8731 



August 10, 1998 

Ephraim Johnson 
Grants Management Specialist 
Grants Management Branch 
Division of Extramural Activities 
45 Center Drive MSC 6600 
Bethesda, MD 20892-6600 

Dear Mr. Johnson, 

This letter addresses the issues raised in your letter of July 24, 1998. 1 am pleased to hear you are 
considering fiinding this grant application and hope these issues ciin be resolved satisfactorily so that v^e 
can begin work on this exciting project. 

1 wish to confirm that as of August 1, 1998 I became a full-time employee (100% time) of Bolder 
Biotechnology, Inc. At the time this grant was submitted I was a part-time employee (60% time) of Bolder 
Biotechnology. The change to 100% time with Bolder Biotechnology, Inc. is permanent. 

A listing of Other Support for myself and other key personnel, including grants under review and planned 
for submission, is provided on the next page. Bolder Biotechnology currently has two on-going SBIR 
grants that list me as the Principal Investigator. These grants relate to creating long-acting forms of 
Growth Hormone and Erythropoietin using the technique of site-specific PEGylation. One of the grants 
began in January 1998 and will be completed by the end of October 1998. The second grant began in June 
1998 and is expected to be completed by the end of December 1998. If the SBIR grant under review is 
awarded, 1 will reduce my time devoted to these other grants during the time they overlap, as detailed on the 
next page. 

In our gr-ant application we propose a fee/profit of $4,000. Combined with direct costs of $86,500 and 
indirect costs of $9,500, this gives a total cost for the grant of $100,000. We feel this budget is 
appropriate and do not propose any changes. 

Please feel free to contact me if you require additional information relating to any of these grants or other 
matters. 



Sincerely, 




George Cox, Ph.D. 

President and Chief Scientific Officer 



CC: Philip F. Smith, Ph.D. 
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BB81 (IgGl/4 CHI .forward) 5>CGC GGA TCC GGT GGC TCA SCC TCC 
ACC MG GGC CCa. T03 

BB82 (IgGl/4 3'UTR rev) 5> CGC TCT AGA GGT ACG TGC CRA 
GCA TCC TCG >3 

- BB83 (IgGl HINGE forward) 5>CGC GGA TCC GGT GGC TCA GRG 

CCC RRA TCT TGT GAC ASA ACT>3 

- BBS 4 (IgG4 HINGE forward) 5> CGC GGA TCG GGT GGd TCA GAG 

TCC AAA TAT GGT CCC CCA TGC>3 

- BBS 5 (IgG4 HINGE forward) 5> TCC AftA TAT -GGT CCC CCA TGC 

- ' CCA TCA >3 

~ BB86 .(IgG4 HINGE reverse) S> TGG GCA TGA TGG GCA TGG . 
GGG ACC ATA >3 

~ BB87 (GH IGGFUS forward) 5> CGC AAG CTT GCC ACC ATG GCT 
" . ACA GGC TCC CGG ACG >3 



BB102 (IGGl/4 SEQ forward in CH2) 5>TTC CCC CCA AAA CCC A2\G 
GAC ac>3' 

.BB103 (IGGl/4 SEQ forward in CH3) 5>CAG GTC AGC CTG ACC TGC 
CTG GT03 

-BB104 {IGGl/4 SEQ reverse in CH2, complement of BB102) 5>GT 

GTC CTT GGG TTT TGG GGG GaA>3 
-BB105 (IGGl/4 SEQ reverse in CH3, complement of BB103) 
r 5>GAC CAG GCA GGT CAG .GCT GAC CTG>3 
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54. BB54 (epo sq forward) 5> CMCflGGCCGTAfiaAGTC >3 

55. BB55 (epo sq reverse) 5> ACTGA.CGGCTTTATCC2W: >3 

. 89. BB8-9 (EPO IGGFUS forward) 5> CGC RAG CTT GCC ACC ATG GGG 

GTG CAC GTiA TGT CCT >3 
- 90. BB90 (EPO IGGHJS reverse) 5> CGC GGA TCC TCC GGA TCT GTC 
.CGG TGT CCT GCA GGC >3 
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W/LMODE :DUAL 
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DATA MATRIX :0D 
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^Seseardi Plan: 
*A. Specific aims: 

* HiBre is coDsiderable interest on the part of patients and IieaKbcare providers in Hie development of low cost, 
♦long-acting, "user-friendly" protein therapeutics. Most protein pharmacenlicals have short droulating half-lives in 
*1hB bo^ and must be injected daily or every other day for maximum effeotivenBSS. For example. Growth 
♦Honnbne CGH) and granulocyte colony-stimulating fector (G-CSF) require daily injections and eiyttu'opoietin 

* CHPO) requires every other day injections for maximum efiectiveness. These recombinant proteins have proven 
I'scbBmely efiective at treating short stature and cachexia (GH), neidropenia (G-CSF) and anemia (EPO). For each 
*of Ihese proteins it is knowi liiat increasing &e circulating half-life of the protein improves the protein's in vivo 
♦performance. We propose to create longw-acting fbrms of GB^ G-CSF and EPO through oovalent fusion of these 
♦protems to flie heavy chain domain of human IgGl. Human IgOi has a long serum half-life, on the order of 21 
*days. Fusion of several other protems, principally extracellular domains of cell surfece receptors, to lie IgGl heavy 
♦chain domain has resulted in increased serum half-lives for these protems. Despite this success, IgG fusion protein 
♦technology has been applied in only a few instances to cytokines and growth fectors. Fully active IL-2- and IL-10- 
♦IgQ fusion proteins have been constructed, but data are not available for other cytokines and growth factors. 

♦ During'Phase I, we created recdmbmant fusion proteins co'mprismg GH, G-CSF and EPO fused to the Fc 

♦ CHinge-CH2-CH3) arid Ch (complete heavy cham: CHI-Hinge- CH2- CHS) domains of human IgGl and IgG4. 
♦The fusion proteins were expressed as secreted as dimeric proteins from transiently transfected mammalian cells. 
♦The fusion proteins were purified and their bioactivities compared to the corresponding .non-&sion protems in 
♦appropriate in vitro mammalian cell proliferation assays. On a molar basis, the EPO-IgG-Fc and G-CSF-IgG-Fo 
♦fusion proteins had biological activities essentially identical to and G-CSF in tiie in vitro bioassays. In 
♦.contrast, bioactivities of the GH-lgG-Fc fusion proteins were reduced 6-10-fold compared to GH. Biological 
♦activities of all of the IgQ-Cii fusion proteins were reduced approximately 3-fold relative to the activities of the 
♦corresponding IgG-Fo fiision proteins. The lower activities of the IgQ-Cn fusions appeared to be dne to 
♦aggregation of the proteins during purification. The Phase I studies have identified flie EPO-IgG-Fc and G-CSF- 
♦IgQ-Fo fiision proteins as excellent candidates for fiirflier development During Phase II we will concentrate efEorts 
♦on these proteins and do not propose fbithrar studies of tiie GH-IgG fiision proteins at this time. 

During flie Phase II portion of the grant, ipitial work will focus on dharacteiizdng the in vivo properties of tiie 
♦EPO-IgGl-Fo and G-CSF-IgGl-Fc fusion protems. We will immediately mannfectnre sufHcient quantities of these 
♦fusion proteins for in vivo studies. We will measure the phaimacokmetic properties of the fiision protehis and 
♦compare their relative effectfveness to wild type EPO and G-CSF in nonhal and diseased animals. The animal 
♦studies will determine flie effects of different dosmg regunens on-flie in vivo efEbctiveness of flie protems. Our goal 
♦is to create fusion protems that are equal or superior to flie natural protems in stimulating biological activities in ■ 
*vivo, but which requke less firequent dosmg, on flie order of once every two to four wedcs, raflier than daily or 
♦every other day. I^evious studies suggest it should be possible to achieve tiiis goal by fiision of the proteiris to the , 
♦heavy cham domain of human IgGl. 

♦ A second aspect of the Phase H studies will be to optimize specific features of the fiilly active EPO-IgG-Fc and 
♦G-CSF-IgG-Fc fusion proteins. In particular we will elfaninate or minimize the linker between the growth fector 
♦and the IgG domain. Hthe animal studies indicate that complement and Fc receplnr binding properties of the IgG 
♦domam causes toxicities in vtvo vire will miroduce mutations that elhninate or reduce fliese fimctions. 

♦ Afbird aspect of fhe Phase II studies will be to develop high level expression systems fi>r manufacture of the 
♦fiision proteins using stably transformed mammalian cells. We will aptimize procedures fiir puri^ng the proteins 
♦and develop analytical mefliods jfor characterizmg flieir purity and structural properties. 

♦ A fourth aspect of the Phase II portion of the grant vrfll be to continue efforts to construct fiilly active EPO- 
♦IgGl-Cn and G-CSF-IgG-Cn fusion protems, since fliese proteins should have even longer ch:culating half-lives 
♦than the coirespondmg IgG-Fc fusions. We believe we understand why the IgGl-CH fiision protems are 
♦aggregating and propose experiments to rectify the problem and oeate fully active versions of these proteins. If 
♦fiilly active EPO- and G-CSF-IgGl-Qa fhaon protems are constmcted, we will diaracteri2s their in vivo properties. 

♦ The prhnary goal of the Phase II portion of flie grant is to identify tiie best EPO-IgG and G-CSF fiision protems 
♦finr commercial development The specific tasks proposed for Phase Hare: 

♦ 1. Prepare several hundred niicrograms of each of flie EPO-IgGl-Fc and G-CSF-IgGl-Fc fiision protems 
♦fbr pharmacoldnetic and animal e£5cBcy studies. 

♦ 2. Prepare several hundred micrograms each offlie control, non-fiised EPO and G-CSFproteins for 
♦pharmacokmetic and ammal efficacy studies. 

♦ 3. Perform pharmacokinetic experiments to demonstxHte hicreased circulating half-lives of the fiision 
♦protems relative to the non-fiised proteins. 
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* 4. Compare Ibe relative effectivraiesB of EPO-IgG-Fc and EPO m stimulating red blood cell formation in 
^nonnal and anemic animals. 

* 5. Compare tas relative eSbctiveness of G-CSF-IgG-Fc and G-CSF m stimulating neutrophO formation in 

* 6. Create stably-transfeoted mammalian cell lines expressing tiie most effective EPO-, G-CSF- and GH-IgG 
'''fusion protons. 

"= 7. Determine whether it is possible to elimmate or minimize flie link^ sequence between flie growth fector 
*Bnd the IgG domain without reducing biological activities of tiie fiisionprolBins. 

* 8. Continue eSbrts to create fiilly active EPO- and G-CSF- IgGl-Cn fiision protBins. 

* 9. Perform pharmacokinetic and animal efHcacy esqpeiimraifs wife any new folly active EPO- or G-CSF- 
■"IgG-CH fusion protems (i.e. repeat tasks 1-5 above). 

*B. Significance 

* There is considerable mterest on the part of patients and healfiicare providers m the development of low cost, 
"•■long-acting, "user-firiendly" protein therapeutics. Proteins are ejq)Ensive to manufectiffe and unlike conventional 
*small molecule drugs, are not readily absorbed by the body. Therefore, proteins must be administered by injection. 
""Most proteins are cleared rapidly from the body, necessitating frequent, ofren daily, injections for optimum 
■"effectiveness. Thas is the case for GH and Q-CSF. Some proteins including EPO are effective when administered 
""less oftai (Chree times per week for EPO) but this is due to foe &cttiiattha proteins are glycosylated. Patiraits 
■KdislikB injections, which leads to reduced compliance and reduced drug eEBcacy. The length of time an injected 
"protein remains in the body is determined by the protein's size and whetiier or not tiie ptotein contains covalent 
'''modification's such as glycosylation. Circulating concentrations of injected proteins change constnntiy, often by 
■"sevHHl orders of magnitude, over a 24 hour period. Rapidly changing concentrations of protein agonists can have 
"'dramatic downstream consequences, at times understimulating and at o&er times overstimulating target cells. 
""Similar problems plague protein antagonists. These fluctuations can lead to deceased efticacy and increased 
"'frequency of adverse side-effects for protein therEpeutics. The rapid clearance of recombmant proteins from the 
■tbody significantiy increases tiie amount of protein requh-ed per patient and dramatically increases tiie cost of 
'•treatment The cost of human protein pharmaceuticals is expected to increase dramatically in tiie years ahead as 
■"new and existing drugs are approved for more disease indications. Current word-wide sales of protein therapeutics 
""are in excess of $10 billion annually and are growmg at a greater tiian 10% annual rate. Thus, there is a strong 
"'need to develop protein delivery technologies that lower tiie coste of protein therapeutics to patients and healthcare 
"'providers. One solution to this problem is the development of methods to jnolong the circulating half-lives of 
x^irotein tiierapeutics in the body so tiiat tiie proteins do not have to be injected frequentiy. This solution also 
""provides patients and healtiicare providers with protein tiira^eutics that are " user-fiiendiy , i.e., that do not 
"tequire frequent injections. 
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* EPO is a 35-39 kDa'glyooprofisin secreted by the adult Mdney. The mature human protein contains 165 amino 
♦acids and is heavily glycosylated, EPO is the hormone primaiily responsible for stimulating eiytfaropoiesis or red 
♦blood cell fijimation. EPO acts on immature red blood cell precursors to stimulate their finliier proliferation and 
♦difiereatiation into mature red blood cells. Bscombinant human EPO is used to restore red blood cell production in 
""patients ynSn anemia resul&ig from renal fiilure^ dianothei^y and drug complications. EPO recently received 
*FDA approval for stimulating red blood cell formation in patients undergoing certain types of elective surgeries. 
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*U.S. sales of EPO exceeded $2 billion and world-wide sales exceeded $3 billion m 1997. The protein is 
■^administered 1^ tbrice weel^ intravenous (dialysis patients) or subcntaneoiis (non-dialysis patients) injections. 

* Thestnictureofpon}ineGHhasbeHisolvedbyX-rayc3ysta]lography(Abdel-Megnidetal., 1987). Tiie 
♦protein has a compact globular structure, comprising four amphipatfaic alpha helical bundles joined by loops and 
♦human GH has a similar structure (de Vos et aL, 1992). The three dinensional steucture of G-CSF has been 
*detennmed by X-ray crystallography (ffill et al., 1993; Lovejoy et al., 1993) and resembles that of GH, comprising 
♦four amphipalMc alpha helical bundles jomed by loops. The attensive glycosylation of EPO has precluded 
♦qistallogt^hic studies but caieefliani et aL (1998) recaifly reported NMR based structural studies and described a 
♦four helix bundle structure very similar to those of GH and G-CSB. 

* GH has two receptor bmding sites and binds two receptor molecdes (Cunningham etal., 1991; de Vos etal., 
♦1992). Dhnraization of GH receptors is required for activatian of the inlracellular signalmg pafeways ftat lead to 
♦cellular responses to GH. It is believed that G-CSF (Fukunaga et al., 1991) and EPO (Matthew's et al, 1996) 
♦dimaize their receptors in a manner sunilar to the way GH dimerizes its receptor. 

* Boissel et al (1993) showed that fusion of a six anuno acid poly-histidine tag to the C-temimus of EPO did not 
♦interfere widi EPO bioactivi^ which suggested that othw C-tenninal fusions, such as those proposed in fliis grant 
♦[plication, would be acdve. The principal investigator is unaware of data addressfaig Ihe question of whelher C- 
♦tenninal fhsions of GH or G-CSF are active. 

* Phase I: Determine whether IgG fusion proteins of GB^ EPO and G-CSF are biologically active 

* We proposed to create IgG fusion proteins of GH, EPO and G-CSF with extended half-lives, increased efficacy 
♦and improved safety. To achieve this goal we needed to determine whether IgG fusions of these proteins were 
♦biologically active and if so, how their bioactivities compared to bioactivities of the non-fiised proteins. Previous 
♦studies suggested that the C-terminus was not important for EPO bioactivity, but data for GH and G-CSF were not 
♦available. During Phase I we constructed fusions of GH, EPO and G-CSF with &e Ch and Fo domains of IgGl. 
♦We also consbucted fusions of these growth &ct(»rs with the cioiFespDnding domains of human IgG4. The goal of 
♦fte Phase I studies was to identify at least one IgG fiision protem of GH, EPO or G-CSF fhat retamed complete or 
♦near complete (witibin two-fold of vrild type) in vitro biological activity. 

^Relationship of Phase Ito Phase H Studies 

* As described below, fas Phase I studies have allowed us to determine that certain IgG fiision proteins of EPO 
♦and G-CSF retain complete in vitro bioactivity. These results have demonstrated the feasibility of creating growtii 
♦feotor-IgG &sion proteins fhat retain high activity. In contrast^ the GH-i^Q fusion proteins displayed signiScantly 
♦reduced in vitro biological activity compared to GH. Therefore, durmg Phase n we will focus efforts on tiie fiilly 
♦active EPO- and G-CSF- IgG fusion proteins and not pursue additional ejqjeriments with the GH-IgG fusion 
♦protem. The Phase n studies are designed to demonstrate the supaior performance of the EPO-IgG and G-CSF- 
♦IgG fiision protefais relative to the non-&sed protems in annual disease models. Positive data from the Phase H 
♦animal racperiments will provide the proof-of-concept needed for us to negotiate a partnering agreement vrilh a 
♦large pharmaceutical/biotechnology company to rapidly bring long-actrag, highly potent EPO-IgG and C-CSF-IgG 
♦fiision proteins to.market. 
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3. Phase I Final Report 

♦Project fiinding period: October 1, 199B -May 31, 1999 
*Personne!: The personnel who contributed to this work are listed below. 




"Through Man* 31, 1999 



*Snmmary of Accomplishments 

* The goal of the Phase I portion of tbe grant was to identify one or more fiilly active IgG fiisions (Fa or Ch 
♦fiision) of GB; EPO or G-CSF. The specific tasks faivolved were: 

*1 . Clone cDNAs encoding GH, G-CSF and EFO and fiise DNAs encoding these protems to DNAs encoding the Fc 

* or camplete heavy chain (Ch) region of human IgGl. 

*2, Clone DHAs encoding the &sion proteins into a mammalian cell expression vector. 

*3. Transienfly transfect mammalian cells with DfNAs encoding the fiision protems and purify the secreted fiision 

* protems to homogeneity usmg Protein A affinity chromatography, followed by other chromatographic 

* procedures, if needed. 

H. Cbaracterize the fusion proteins by polyaciylamide gel electrophoresis under reducing and non-reducmg 

* conditions to determine whether the fusion proteins are dimeric. 

*5, Measure bioactivities (ECsgs) of the fiision protems usmg appropriate GH-, G-CSF-, and EPO- responsive 

* mammalian cell Imes in culture. Compare bioactivities of the &sion proteins and non-fused control 

* proteins in the bioassays. 

* All of these objectives have been met and the primaiy goal has been exceeded. The six IgQl- Fc and IgGl-CH 
^fusions have been constructed, e}q)ressed in mammalian cells and the recombinant fusion proteins purified and 
^analyzed. In addition, we also constructed fiisions of GH^ EPO and G-CSF to the Fc and Ch domams of IgG4, 
*v^ich has certam propralies, e.g., reduced afEmity &r complement and Fc receptors relative to IgGl, which may be 
^desirable for fusion protem therbpeutics. The EPO and G-CSF IgGl-Fc and Ig^4-Fc fusion proteins were found to 
*be as active as EPO and G-CSF in appropriate mammalian cell bioassays. These fiision proteins are excellent 
♦candidates for fiirther development The EPO- and G-CSF-IgGl-Cn fiision proteins were found to have reduced 
♦biolo^cal activities (2- to3-fold) relative to non-fiisedEPO and G-CSF. Reduced bioactivities of these protems 
♦ai^eared to be due to aggregation of the fiision protems duimg purification. All of the GH-IgG fiision proteins had 
*4 -17-fbld reduced biolo^cal activities relativB to unfiised GH, suggesting tiiat fbs IgG domam may mterfeace witii 
♦the bindmg of GH to its receptor. A detailed summary of these experiments is provided below. 

*I. Construction of GF-IgG gene fusions. 

*L A. Strategy. Twelve growth factor (GF)-IgG gene fusions were constructed. The general strategy employed for 
*these constructions is outlined here and the specifics of individual cloning steps are detailed below. Cloning of the 
*IgG4-CH coding sequence involved additional variations to the general strategy and these variations are described 
♦below. The human growth fector genes (GH, EPO and GCSF) were cloned as cDNAs from various RNA sources 
♦detailed below. PGR primers used in these clonings added an optimizBd Kozak sequence (GCCACCC) and a Hind 
*Tn. restriction site to the 5' end of each these clones and a portion of a flexible peptide linker (ser-gly-gly-ser) 
♦terminating in a Bean HI restriction site, to the 3' end of each of these clones. The growth factor genes were cloned 
*as Hind IE - Bam HI fragments into the mammalian cell expression vector pCDNA3 . 1 (+) (Invitrogen, Inc.) and 
♦sequenced, to parallel, IgG coding sequences (IgGl-Fo, IgQl-CH, IgG4-Fc, IgG4-CH) were cloned from cDNAs 
♦generated from human leukocyte KNA. PGR forward primers used m these clonings incorporated a portion of a • 
♦flexible peptide linker (gly-ser-gly-gly-ser) containing a 5(D7/ HI restriction site at the 5' end of each of these 
♦clones. The reverse PGR primers' were designed to anneal to die 3" untranslated regions of the IgGl and IgQ4 
♦mKNAs (about 40 bp downstream of flie translational stop codon) and incbded anJ3ja I restriction site. The IgG 
♦coding sequences were cloned into pCDNA3.1(+) as Bam HI -Xba I fragments and confirmed by DNA 
♦sequencing. The fiision genes were then constructed by excising the IgG coding sequences as Bam HI —JCba I 
♦fragments and cloning these fragments into the pCDNA::GF recombinant plasmids that had been out with Bam HI 
♦andJGal. In the resulting pCpNA3.1 consbmte the fiision genes are transcribed by the strong cytomeglovirus 
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♦immediate early promoter present in pCDNA3.1(+) upstream of the cloned fiision gene. Ligation of the two 
♦fragments througli the Bam HI site within the linker sequence results in a seven amino acid linker (ser-gly-gly-ser- 
*gly-gly-s"er) at tiie fijsion junction. 

pCDNA3.1 growth Eactor Unlier IgG pCaJNA3.1 



Biniia £001 HI Xml 

*L B. Cloning of growth liactor cDNAs. 

* Cloning of hGH: A cDMA encoding hGH was amplified from human pitiutaiy shigle-stcanded cDNA 
♦(CLONTBCH, Inc.), using liie polymsBse chain reaction CPCR) technique and primers BB87 (5> 
*CdCAAGCTTGCCACCATGGCTACAGGCTCCCGGACG >3) and BB88 (5> CGCGQATCCTCCGGAGAA 
♦GCCACAGCTGCCCTCCA03). Primer BB87 anneals to the 5' end offlie coding sequence fijr fee hGH 
♦secretion signal, whereas tiie reverse primer, BB88, anneals to the 3' end of the GH coding sequence. The 
♦resulting ~ 680 bp PGR product was digested with Hini HI and Bam HI, gel purified and cloned into 
*pCDNA3.1(+) vector that had been digested with Hind TO. and Bam HI, alkaline phosphatase treated, and gel 
purified. A clone mib the correct DMA sequence was designated pCDNA3.1(+)::GHfiis or pBBTlS9: 

* aoning of EPO. We previously cloned in pUC19 a cDNA encoding human EPO from the human Ihrer 
♦cell line Hep3B. TbeDNAsequenceoftiiBEPOgenewascohfiimedandtiiepIasnuddBsignatBdpBBTlSl. This 
♦plasmid was used as template m a PGR reaction with primers BB89 (5>CGCAAQCTTGCCACCATGGGGQTGC 
♦ACGAATGTCCT >3) and BB90 (5>CGCGGATCCTCCGGATCTGTCCCCTGTCCTGCAGGC >3) to construct 
*a modified EPO cDNA suitable for fusion wilh IgG genes. Primer BB89 anneals to the 5' end of the coding 
^sequence for &e EPO secretion signal and the reverse primer, BB90, anneals to the 3' end of the EPO coding 
♦sequence. The resulting - 610 bp PGR product was digested with Hind Wi and Bam HI, gel purified and cloned 
♦into pCI)NA3.1(40vectortiiat had been digested with ^Rdmand Bom HI, alMine phosphatase treated and gel 
♦purified. A clone with the crarect DMA sequence was designated pCDNA3.1(+)::EP0fiis or pB6T176. 

* Cloning of G-CSF. A cDNA encoding G-CSF was amplified by PGR from total SNA isolated from the 
♦human bladder carcinoma cell line 5637 (American Type Culture Collection). The cells were grown in Roswell 
♦Park Memcdal Institute (RPMT) 1640 media supplemented with 10% FBS, 50 units/ml penirillin and 50 jig/ml 
^sfiqttomycin. SNA was isolated from tiie cells uskg an RMeasy Mini RNA isolation kit purchased from Qiagen, 
♦Inc. (Santa Clarita, CA) following the mannfricturer's directions. First strand synthesis of single-strandsd cDNA 
♦was accomplished using a 1st Strand cDNA Synthesis Kit &it RT-PCR (AMV) from Boefaringer Mannheim Corp 
♦and random bHcamers wras used as tiie primer. Subsequent PCRreactions using the products of the first strand 
♦synthesis as template were carried out with forward primer BB91 (5>CGCAAGCTTGCCACCATGGCTGGACC 
*TQCCACCCAG>3 and reverse primer BB92 (5>CGCGGATCCTCCGGAGGGCTGGGCAAGGTGGCQTAG 
*>3). Primer BB91 anneals to the 5' end of the coding sequence for the G-CSF secretion signal and the reverse 
♦primer, BB92janneals to tiie 3' end of the G-CSF coding sequence. The resulting ~ 640 bp PCR product was 
''^digested viitii Hind III and Bam HE, gpl purified and cloned mto pCDNA3.1(+) vector tiiat had been digested widi 
*Hind HI and Bam HI, alkaline phosphatase treatBd, and gel purified. A clone with the conect DNA sequence was 
♦designated pa5NA3.1(+)::Q-CSFfiis or pBBTI65. 

*L C. Cloning of ]I^G coding sequences. 

* Oonfaig of IgGl-Fc coding sequences. A cDNA raicoding IgGl-Fc (hinge-CH2-CH3 domains) was 
♦amplified from human leukocyte single-stranded cDNA (CLONTECE3) by PCR usmg primers BB83 
*(5>CGCGGATCCG GTGGCTCAGAGCCCAAATCTTGTGACAAAACT>3) andBB82 (5>CGCTCTAG 

♦ AGGTACGTGCCAAGCA TCCTCG>3). Forward primer BB83 anneals to the 5' end of Ihe coding sequence of 
*ttie hinge domain of IgGl, whereas the reverse primer BB82 anneals to the 3' untranslated region of IgGl and 
*IgG4 mKNA ~ 45 bp downstream of the Iranslational stop codon. The IgGl and IgG4 sequences are identical over 
*ttie 21 bp segment to which BB82 anneals. The - 790 bp PCR product was digested v/iQi Bam HI and.XZifl I, gel 
♦purified and cloned into pCDNA3.1(+) vector that had been digested with Bam HI and JtSa I, alkaline phosphtase 
♦treated, and gel purified. Two clones were sequenced but each contained a single base pair substitution that 
♦resulted in an amino acid siibstitation nnitation. Otherv^e tiie sequences matched tiie pablished human ^Gl 
♦genomic DMA sequence (Ellisoa et al., 1982). Tbs relative positions of the mutations in the two clones allowed us 
♦to use convenient unique restriction sites (Sao II in tiie CH2 domain of IgOl rndBglUia tiie pCDNA3.1(+) 
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*vecb>r) to construct a fiiU l«igth IgGl-Fc clone in pCE)NA3.1(+) via in vitro recombination. The resulting clone, 
*whichliad1he correct IgGl-Fcsequeace, was designated pCX)NA3.1(+)::fusIgGl-FoorpBBTl 67. 

* Cloning of IgG'l-Fc coding sequences. A cDNA encoding IgG4-Fc Q]lnge-CH2-CH3 domdns) was 
♦amplified from Iiuman leukocyte single-stranded cDNA (CLONTECH) by PCR using primers BB84 
*(5>CGCGGATCCGG TGGCTCAGAGTCCAAATATGGTCCCCCATGC >3) and BB82 (5>CGCTGTAG 
*AQGTACGTQCCAAGCA TCCTCG>3). Forward primer BB84 anneals to the 5' end of the coding sequence of 
*l3ie hinge domain of IgG4. The reverse primer BB82 is described above. The ~ 790 bp PCR product vras digested 
♦with Sam HI andjSa I and cloned into pCDNA3.1(+) that had been similarly digested. A clone with the correct 
*DNA sequence (Ellison et aL, 1981) was designated pCDNA3.1(+)::fuslgG4-Fo or pBBT158. 

* Cloning of IgGl-Cn coding sequences. A cDNA encoding IgGl-Cn (CBl-hinge-CHZ-CHS domains) was 
♦amplified from human leukocyte single-stranded cDNA (CLONTECH) by PCR using BB81 (5>CGCGGATCC 
♦QGTGGCTCAGCCTCCACCAAGGGCCCAT03) and BB82 (5>CGCTCTAGAGGTACGTGCCAAGC 
♦ATCCTCG>3). Forward primer BB81 anneals to tiie 5' end of flie coding sequence of the CHI domain of IgQl 
♦and IgG4. The sequences at the 5' end of the CHI domains of tiiese two exons are almost identical: 19/20 
't'nuoleDtides match. The reverse primer, BB82, is described above. The ~ 1080 bp PCR product was digested with 
*Bam HI and^a I, gel purified and cloned into pCDNA3.1(+) that had been digested similarly. These. primers in 
♦principle could amplify both IgGl and IgG4 sequences. Since IgGl is much more abundant in serum than IgG4 
♦(Paul, 19xx) we expected that most clones would encode IgGl. The firsttwo clones sequenced were IgGl but 
♦each contained a single base p^ substitution that resulted in an amino add substitution mutation. Othermse the 
♦sequences obtained matched the published human IgGl genomic DNA sequence (Ellison et ai., 1982). The relative 
♦positions of tiie mutations in tiie two clones allowed us to use convenient unique restriction sites (Age I in liie CHI 
♦domam of IgGl and Bst Bl m the pCDNA3.1{+) vector) to construct a fiill lengffa IgGl-Cn clone in pCDNA3,l(+) 
♦via in vitro recombination. A clone with fte correct IgGl-Cn sequence was designated pCDNA3.1(+)::fiisIgGl-CH 
»or pBBT166. 

* Cloning of IgG4-CB coding sequences. Tlie near identity of liie DNA sequences encoding tiie 5' ends of 
♦the IgGl and IgG4 CHI domains and the relatively low abundance of the IgG4 mRNA led us to an alternative 
♦strategy for cloning the IgG4-CH coding sequences. We used FCR-based site directed mutagenesis to cbange the 
♦DNA sequence of tiie cloned IgGl CHI dommn to match the amino acid sequence of the IgG4 CHI domain. Hie 
♦CHI domdns difibr at only 8 of 98 nucleotides and these positions are clustered, so that one round of PCR using 
♦two mutagenic oligos can convert the IgGl CHI sequence mto the IgG4 CHI sequence. A second round of PCIR. 
♦added fte Brnn HI site and linlcer sequence to the S' end of the IgG4 CHI and 2 1 bp of sequence from the IgG4 
♦Hinge domain to the 3* end. The technique of "gene splicing by overly ractension" (Horton et ai., 1993) was then 
♦empbyed to recombine liie mgineeFed IgG4 CHI domdn with the IgG4 Fc CHinge-CH2-CH3) seqnaice. In tills 
♦tedmiquB two sq>aTatB fragmraits sharing a segment of identical sequence, the "overly", at one end are extended 
♦tiirou^ the annealed overlap regions in a PCR reaction as diagrammed below. 




-CHI' l-Hinge — | 



I— Hinge-I CH2 | CH3 | 

1 CHI I— Hinge— I CHZ | CH3 . | 



♦To construct the IgG4 CHI sequence, mutagenic primers BBI19 (5> TCCACCAAG GGCCCATCCGT 
♦CTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGC ACAG03) andBB120 (5> TCTCTTG 
♦TCCACCTTGGTGTTGCTGGGCTTQTGATC TACGTTGCAGGTGTAGGTCTTCGTGCCCAA>3) were used 
♦in PCR reactions with p6BT166, which carries tiie cloned IgGl-Cn sequence as described above. Forvrard primer 
♦BBl 19 anneals to the sequence encoding amino acids 2 through 23 of flie CHI domain and encodes 4 amino add 
♦substitutions: SMC, K16R, G20E and G21S. Reverse primer BB120 anneals to the sequence encoding amino 
♦acids 76 through 97 of the CHI domain and encodes 4 additional amino acid substitutions: Q79K, I82T, N86D and 
♦K97R. The ~ 290 bp product of this PCR reaction was gel purified and used template in a PCR reaction whh 
8primers BB81(see above) and BB121(5>TGGGGGACCATATrrG GACTCAACTCTCTTGTCCACCTT >3). 
♦Reverse prim«r BB121 anneals to the 3' end of tiie CHI domain of IgG4, adds amino acid 98 of the CHI domain 
♦and 21 hp extending into the Hinge domain of IgG4. The ~ 330 bp product of tins reaction was gel purified and 
♦used as one of tiie template molecules in the PGR. splicing reaction. The other template for tiie splicing reaction 
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*was generated by PC3R of the cloned IgG4-Fc sequence of pBBT158 (described above) with primers BB84 and 
*BB82 wiiich amplify Ihe IgG4 Fc domain as described above. Hie resulting ~ 790 bp product consists of the IgG4 
""hinge-CEQ-CIQ sequence. This fragment was gel purified and used as one of the template molecules in the PGR 
♦splicing reaction. This reaction employed the primere BB81 and BB82 and genaated a &I1-Iength "spliced" 
♦product of ~ 1 075 bp. To minimize the DNA sequencmg required to confirm this product^ the PGR fragment was 
♦digested with Bam HI and Saa II and the ~ 530 bp fragment (containing the complete CHI and hinge domams and 
*a portion of frie CH2 domain) was cloned into pBC-SK+ (Stratagene) for sequencing. The sequence of the Bam HI 
Sac n fragment was confirmed fiir one done which was the desigmted pBBT182. The Bam Bl-SacU fragment 
*of pBBT182 was then used conveitlfae GF-IgG4-Fc clones to fiill leagih QF-IgG4-GH cIoqbs as detailed below. 

*L D. Construction of GF-IgG fusions. Most ^/12) of the growth fector-IgG gene fusions were generated by 
♦excising the IgG coding sequences cloned in pCDNA3.1(+) as Bam HI —Xba I fragments and clonmg these 
♦fragments into the pCDNA::[GF] reoombmant plasmids which had been cut with Bam HI and Xba I. The fiisions 
♦of the three growth fector genes to IgQ4-CH were constructed by excising the ~ 530 bp Bam HL-Sac U fragment of 
♦pBBT182 and replacing the ~ 240 bp Bam HI- Sac U fragments of the three pCDNA::[GFI-IgG4-Fc clones. The 
^resulting plasmids and 'the GF-IgG fiision protehis Ihey encode are listed hi Table 1. 

*IL Expression and Purification of GF-IgG Fusion Proteins 
*IL A. Small Scale Transfection of COS Cells 

♦ Expression and bioaotivily of the GF-IgG flision proteins were assessed initially by small-scale transfection of COS 
♦cells. Endotoxin-free plasmid DNAs were prepared using a Qiagen "Endo-Free Plasmid Purification Kit" according to 
.♦the vendor protocol and used to transfect COS-1 cells (ATCC). The COS-1 cells were Delbecco's Modified Eagle's 
♦Media supplemented with 10% EBS, SOunits/mlpenicillm, 50fxg/ml streptomycin and2mM glutamioe (growth media). 
♦Initial transfection experiments were carried out m Costar 6 well tissue culture plates using His following protocol. 
♦Briefly, 2-3 x lO' cells were seeded into each well in 2 ml of growth media and allowed to incubate ovemi^t at 37''C 
♦and 5% COj by which time Ifae cells had reached 50-60% confluency. For each well, 0.8 jig of plasmid DNA was 
♦complexed with S Jtl of LipofectAMINE reagent (Gibco BEL) m 185 fd of OPTI-MEM I Reduced Serum Medium 
♦(Gibco BRL) for 3045 mhmtes at room temperature, COS-1 cells were washed one time with 2ml of OPTI-MEM I per 
♦well and then 1.8 ml of OPTI-MEM I was added to each well The complex mixture was then added to the well and left 
♦at 37''C, 5% COz for approximately 4-5 hours. Afra the hicubation period, the mixture was repUuxA with 2 ml of 
♦growth media per well and left overnight at 37''C, 5% CO2. The next dEty the cells were washed twice with 2ml of 
♦DMEM (no additives) per well. Followmg the wash steps, 2 ml of serum-free growth media was added to eadi well 
♦and the cells left at 37°C, 5% COj. Conditioned media containing the QF-IgG-fiision proteins were harvested after 72 
♦hours and analyzed by SDS-PAGE and Western blot to confirm expression of the GF-IgG-fusionprotems. The parent 
♦plasmid, pCDNA 3.1(+) (Invitrogen) was used as a negative control. Transfection efBdency was estimated to be 
♦~15°/p, using pCMVP (Clontech), which expresses E. coli P-galactosidase. "nansfected cells expressmg 
♦p-galactosldase were identified using a p-Gal Stauiing Set (Boehringbr Mannheim). 

♦ Samples of the conditioned media were prepared ui SDS-PAGE sample buffer vrith the addition of 1% ^- 
♦mercE^toethanol (BME) when desirable and electrophoresed on precast 14% Tris-glycine polyaciylamide gels 
♦(Novex). Western blots usmg appropriate antisMa demonstrated expression of aU of the GF-IgQ fusion protems 
♦(data not shown — see purified proteins below). The GH-IgG fusion protems were detected using a polyclonal 
♦rabbit anti-synthetio-hGH antiserum (kmdly provided by Dr. A,F. Parlow and the National Hoimone and Pituitary 
♦Program). Ihe EPO- and G-CSF-IgG fiision proteins were detected usmg polyclonal antisera pin-ohased from 
♦R&D Systems. Serial dilutions of the conditioned media were analyzed in the Expropriate in vitro bioassays 
♦described later. These assays demonstrated significant activity m the conditioned media (data not shown) and 
♦encouraged us to perform large-scale transfections so that the proteins could be purified frn* specific acti^ty 
♦measurements. 

*IL B. Large Scale Transfection of COS-1 Cells 

♦ Large scale trans&ctions were carried out usmg Coming 100 mm tissue culture dishes or Coming T-75 tissue 
♦culture flasks. For 100 mm dishes, 1 .6 x lO' cells were plated in 10 ml of growth media per dish and incubated at 
*37''C, 5% CO2 overnight For each 100 mm dish, 6.7 jig endotoidn-free plasmid DNA was complexed with 50 jxl 
♦of Lq>o&cAMIHE reagent in 1.5 ml of OPTI-MEM I fiir 30-45niihutBS at room tenq>erature. The COS-1 cells 
♦were washed one time with 10 ml OPTI-MEM per dish and then replaced with 6.6 ml of OFTI-MEM L Followmg 
♦complex fijtmation, 1.67 ml of fte complex was added to each dish and left at 37°C, SVa COz bouts. After 

28 



*1bB incubation pariod, Ihe reaction mixture was replaced witb 10 ml of serum containing growfli media per dish and 
*left at 37°C, 5% COz ovemi^ Ttie next day the cells were washed twice with 10 ml of DMEM (no additives) per 
*dish. Following &e wash steps, lOml of serum-free growth media was added to each dish and incubated at 37°C, 
*5% COj. Conditioned media were harvested routinely evay fcee days (on days 3, 6, 9 and 12) and fresh serum- 
*free growth media added to the cells. Transfections in T-75 culture flasks were identical to the 100mm dish 
♦protocol wifli the followmg exceptions: Cells were plated at 2 x ID* cells per flask and 9.35 ]ig of endotoxin-free 
♦plasmid DNA was complexed wifli 70 pJ of LipofectAMINE reagent ni 2.1ml of OPTI-MEM I for each T-75 flask. 
♦Following con^Iex formation, 22 ml of Ae complex was added to each flask containing 7.7 ml of OPTI-MEM L 
♦Trans&ction efSciency was detBnninBd to be ~15% usmg pCMVp and staining for ^galactosidase Hq>res5icm as 
♦described earlier. The 12 plasmids listed in Table 1 were transfected into C0S-:1 cells using the large-scale format 
♦to generate protein for purificaition. The conditioned media were clarified by centrifngation and stored at -20°C for 
♦later purificalion. Western blots were used to confirm expression of the IgG-fosion proteins. 

*IL C. Purification of GF-IgG-Fusion Proteins 

* Approjdmately 300 ml of transfected COS-1 cell conditioned media for each IgG-fiision protein was pooled and 
♦concentrated using an Ultrafiltration cell and either a YM3 or YM30 DIAPLO Ultrafiltration membrane (Amicon). 
♦Concentrated pools were then loaded onto a 1ml Pharmacia HiTr^ recombmant Protein A column previously 
♦equilibrated with 20 mMNaPhosphate pH 7.0. The column was washed with 20 mM NaPhosphatenntil the Azbd 
♦had reached baseline. Bound protein was eluted wi& 100 mM NaCitrate pH 3.0 and collected into sufficient IM 
♦Tris pH 9.0 to achieve a final pH of approjdmately 7.0. Each fusion protein was purified using a dedicated column 
♦to avoid any possibility of cross-contamination. All of the IgG fiision proteins chromatographed sunilarly, yielding 
♦a smgle peak in the elution step. Column fractions were ana^fzed using 8-16% precast Tris-glycine SDS-PAQE 
♦and fractions enriched for the IgG-fiision protem were pooled. A typical chromatogram and corresponding gel 
♦from the EPO-IgG 1-Fo purification is shown in Figures lA and IB. Protein concentrations of the pooled fractions 
♦were detrammed by Bradford assay usmg bovine serum albumin (BSA) as the standard. Recoveiies of fte various 
♦purified GF-IgG fusion protems are given m Table 1 and ranged from 96 to 376 pg per 300 ml of conditioned 
♦media. 




'Figure 1, rProteln A pnriOcofioii orEPO-J^G-Fc. Fand A sbows tbe rTrotdn A column chromafiiBrani. PbdeI B b non-redndng SDS- 
*PAaE analysis of tbcrFiotein A column fractions. MW (molecular weight standaids), L (column load), F/lXcolumnflowOirougii). and 
♦column fiactiDns 4-S, 

♦ To date, 9 of 12 GF-IgQ fosion protems have been purified to near homogeneity. Figure 2 displays SDS gels of 
♦the purified proteins trader reducing and non-reducmg conditions and stained witii Coomassie blue. All of the 
*GF-IgQ fiision protems were recovered principally as disulfide-lmked dimers. Hie molecular weights of the 
♦protems ranged from 1 15-190 KDa kDa under non-reducing conditions and 50-70 IcDa under reducmg conditions, 
♦largely consistent with the molecular weights predicted in Table 1. The molecular weights of the EPO-IgG fusion 
♦protehis were the only ones larger tiian predicted (see Figure 2), presumably due to extensive glycosylation of the 
♦EPO domam. Monomeric fusion protems were more abundant with the ]gG4-Fc fiision proteins (fhey can be sem 
♦m Ifae noQ-reducBd gels in Figure 2), but still r^resented the mincdty (leBB than 10%) of tiie protein b these 
♦prqiarations. The sizes of the major IgG fusion protein bands were diSerent from ibs molecular weights of bovine 
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""IgG (see Figure 2), indicating that the proteins purified were not containmadng bo^dne IgCrs from serum used in fbs 
*experiniBntB. The major IgG fusion protein bands also reacted vdth antisera specific for OH, EPO and G-CSF in 
""Western blots of the samples (data not shown). Purity of the IgG fusion proteins was estimated to be at least 90% 
*&om Coomassie blue staining of the gels. 

* All of the GF-IgG-CH fusions cantained a large aggregate that migrated at the top of the gel when the samples 
*were analyzed under non-rBducing conditions. Ihis aggregate disappeared when Hie samples were analy2Bd under 
'h'edudng conditions and&e amount of protran at the molecular wei^ of the major GF-IgG-CH bands seemed to 
♦intsrease proportionately. The aggregates also reacted with antisera specific for 4e various growth fectors. These 
*data suggest the aggregates are disulfide-linked multimsB of the GF-IgG-Cn fusion proteins. Under reducing 
♦SDS-PAGE conditions, all of the GF-IgG-CH fiisions show a difEhse band approjomately 20 kDa larger than the 
*main GF-IgG-Cn band. This band reacted witii antisera against the growth &ctors and may be related to the 




♦Figure 2. Analysis of Pnrilied IgG-fnsion proteins by SDS-PAGE. Pand A shows purified GH-IgG fiisioh proteins. Lare I , molecular 
♦weiglit BtandBrds; Lanes 2 & 3 aic bovine IgG standard at 1 & Zfig lespectively, reduced; Lanes 4^ ife 6 are GH-IgGl-CH, GH-IgGl -Fc, and 
*GH-IgG4-Fc respectively, reduced; Lane 8, 2iJg bovine IgO standard non-reduced; Lanes 9,10 & 1 1, are identical to lanes 4,5 & 6 except non- 
*^reduced. Panel B shows purified G-CSF-IgG.fiis'ion proteins. Lanes 1,23 & 8 are identical to tiiose in Panel A; Lanes 4,5 & 6 arc C-CSF- 
♦IgQl-CH, G-CSF-IgGl-Fc and G-CSF-IgQ4-Fc respectively, reduced; Lanes 9,10 & 11 are identical to lanes 4,5 & 6 except non-ieduoed. 
'■Tanel C sliows purified EPO-IgG &sion proteins. Lanes 1A3 & 8 are identical to Uiose in Panel A; Lanes 4.5 & 6 are EPO-IgOl-Cn , EPO- 
*IgGl-Fc and EPO-Ig04-F6 lespectivdy, leduoed; Lanes 9.10 & 11 an identical to lanes 4,5 £ 6 except non-ieduced. 
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*nL Bioactivities of Purified IgG Fusion Proteins 

* CeD prolifbradon assays were developed to measure bioaotivities of flie IgG fusion proteins. Hie assays measure 
'hiptake aDdbioreduction of tlie tetrazolinm saltMTS [3-(4,5-dimethylthia2ol-2-yl)-5-3-carboxyphenyl)-2-{4- 
*snlphenyI)-2H-tetrazolinin]. In the presence of an electron coupler such as phenazine methosulfete (PMS), MTS is 
♦converted to a fbnnazan product that is soluble in tissue culture media and can be measured directly at 490 nm. 
*Cell number is linear with absorbanoe values up to about 2 (data not shovm). The advantage of using MTS in the 
♦assays, rather ihaa ih& more conventional tetrazolinm salt MTT (Mosmann, 1983) is that absorbanoe of the wells 
*can be detennined without the need to lyse the cells wifli organic solvents, as is required for assays ulilizang MTT. 
*For EPO and G-CSF we were able to use eadsting cell lines to develop the bioassays. For QH, we needed to txeOn 
♦a cell Ime that proliferates in response to GH. Such a cell line was created by stably trans&rmiuig a murine 
♦leukemia cell line with a GH receptor. 

* In general, the bioassays were set up by washing the appropriate cells three times wifli media (no addiSves) and 
♦resuspending the cells at a concentration of lxlO*/ml in media with additives (media used for each cell line is given 
*below). Fifty fd (5x1 cells) of the cell suspension was aliqnotted per test well of a flat bottom 96 well tissue 
♦culture plate. Serial dilutions of flie protein samples to be tested were prepared m serum containing media. Fifly [jI 
♦of the diluted protein samples were added to the test weHs and the plates mcubated at 37''C m a humidified 5% COi 
♦tissue culture incubator. Protem samples were assayed in triplicate wells. After 60-72 h, 20 [il of an MTS/PMS 
♦mixture (CellTiter 96 AQueous One Solution, Promega) was added to each well and the plates incubate at 37''C in 
♦the tissue culture incubator for 1-4 h. Absoibance of Qie wells was read at 490 nm using a microplate reader. 
♦Control wells contained media but no cells. Mean absorbanoe values for the triplicate control wells were 
♦subtracted from mean values obtained for tiie test wells. BCjoS, the amount of protein required for half ma»mal 
♦stimulation, was calculated for each sample and used to compare bioactivities of the proteins. Experiments were 
♦repeated at least three times for each protein. Non-^ycosylated molecular weights were used in the molar ratio 
♦calculations for consistency; usmg molecular weights of the fusions estimated from SDS gels (50-70 kDa) and 
♦35kDaforEPO gave similar activity ratios. Kourgtycosylated molecular wei^ of 18,936, 18,987 and 22,129 
♦wore assumed for ^O, G-CSP and GS, respectively. Monomer molecular weights were used in the calcoktions 
♦&r the IgG fiision proteins. 

A. EPO-IgG Fusion Proteins 

♦ The human UT7/epo cell line was obtained from Dr. F. Bunn of Harvard Medical School, Boston, MA. This cell 
♦line proliferates in response to EPO and is dependent i^on EPO flir cell survival (Boissel et al,, 1993). The cells 
♦were maintained in Iscove's Modified Delbeoco's Media (IMDM) supplemented with 10% PBS, 50 units/ml 
♦penidllin, 50 (xgftnl streptomydn and 1 unit^ml recombinant human EPO (CHO cell-ra^iressed; R&D Systems). 
♦Bioassays wa« performed in cell maintraiance media using llie procedures described above. Serial dilations of 
♦recombinant CHO cell-ejcpressed human rBPO (KAD Systems) were analy2sd in paralleL 

♦ The UT7/epo cell line shows a strong prolifbr^e response to rEPO, as evidenced by a dose-dependent increase 
♦in cell number and absorbanoe values (Figure 3). In the absence of rEPO, the majority of UT7/epo cells die, giving 
♦absorbanoe values less than 0.1. Commercial CHQ oell-ejqjressed rEPO had a mean ECso of approximately 0.6 
♦ng/ml in the bioassay (Table 2). This value agrees wifli ECso vahies reported in -flie R&D ^sterns specifications 
♦(0.05 - 0.1 unilAnI or approximately 0.4-0.8 ng^mQ. The EPO-^Gl-Fc and IgG4-Fc fiision proteins had identical 
♦ECSO's of approximately 1.3 ng^ml in the bioassay (TableZ ). On a molar basis, the EQsds of CHO-cell ejqtressBd 
♦rEPO and tiie EPO-IgG-Fc fiisions were idootical (appnudmately 30 pl^ Table 2). . Hie EPO-IgGl-CH fiision 
♦protein had an EQso of 3.1 ng/ml or 60 pM (Table 2), which rqiresents an approximate 2-fbld reduction in specific 
♦activity relative to the EPO-IgG-Fc fusion proteins and non-fiised r^O, Dose response curves for CHO cell- 

d rEPO and the BPO-IgG fosion proteins perfrmed on the same day are shovm in Figure 3. 









1 riiEPO (CHO) 


0.52.0.55,0.60 


0.56 


30 


pBBTlBO 


j EPO-IgGl-Fc 


1.1, 1.2, 1.5 


1J27 


28 


pBBTlSl 


S'0-IgG4-Fc 


1.1. 12. 1.5 


1.27 


29 


PBBT179 


EPO-IgGl-CH 


2.9.3.0.3.5 


3.13 


57 


UBBTIBS 


1 EP0-IgG4-CH 


In Progress 







' Data from individual e}q>erimBnts 



*IV. Summary of Phase I Experiments 

* The Phase I studies have revealed that it is possible to create IgG-Fc fusions of EPO and G-CSF with complete 
♦biologica] activity. IgGl-Fc fusions of bofli proteins had conq»arable biological activities to non-flised EPO and G- 
*CSF. As expected, the IgG-Fc flision proteins were predominantly dimeric, presumably joined through disulfide 
*bonds in the hinge regions of the IgG domains. The feet Uiat these fusion proteins were fully active suggests that 
*both halves of the dimeric proteins are bblogjcally active. The EPO-IgG4-Fc fiision protein also retained complete 
♦biological activity, but the G-CSF-IgG4-Fc fasion protein speared to have slightiy reduced biological activity. 

* The EPO-IgGl-CH and G-CSF-IgGl-CH fusion proteins also were potent growth fectors in vitro, although tiieir 
♦specific activities were reduced 2-3-fold relative to tiie non-fused proteins. These proteins also were 
*predominantiy dimeric. The reduced bioacftivities of liiese proteins correlated with the presence of high molecular 
*weighti disulfide-Iinked aggregates detected by SDS-FAGB analysis. Since these aggregates were not detected in 
*the original conditioned media, we believe Ifaey fi>imed during purification of the proteins. The aggregates were 
♦observed only with tiie IgG-Cu consttucts and all of tiie IgGI-Cn constructs displayed aggregaites. The IgG-Cn 
♦fusion proteins may be aggregating via the hydrophobic domain in the CHI domain that normally packs against the 
*IgG light chain (Traunecker et al., 1989), Agg^gation appears to be accompanied by disulfide bond foimation, 
♦possibly through tiie free cysteine in the CEE domain that normally disulfide bonds with a cysteine in liie IgG light 
♦chain. We propose experiments for Phase 11 to test Ifais trypotbesis and potentially improve/ieslOTB bioactivties of 
♦the IgQl-CH fusion protems to wild type. 
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*V. Phase II Experimental Design and Methods 

♦ The Phase n experiments have several goals. The primaiy goal win be to demcmstrateiie superior petformance 
*of the EPO-IgG and G-CSF-IgQ fusion proteins relative to non-fitsed EPO and G-CSF in in vivo models. 
♦Specifically, we propose to demonstrate increased drcnlating half-lives fbrtbe EPO- and Q-CSF-IgG fiision 
♦proteins and efficacy equal to, or superior to, that of non-fiised HPO and G-CSF, even when the fiision proteins are 
♦administered less frequently and in lower doses. We believe these results are key to our moving forward to the 
♦next stage of commercial development of this technology in that it will allow us to negotiate a 
♦licensing/development agreement with a pharmaceudcal or biotechnology company capable of rapvSLy bring^ 
*EPO-IgQ and G-CSG-IgG fusion protein products to market The mitial in vivo experiments will test the EPO- 
-IgG t-Fc and G-CSFl-IgGl-Fc &sion proteins sbce these protons can be prodm»d in adequate amounts and retain 
♦complete biological activity. 

♦ A second aspect of the proposed research will be to exammeihe need for aflsxible linker between the gFOWth 
♦factor domain and the IgG domain. We will attenq>t to eliminate or minimize this linker in an effint to ra^ate an 

♦ "all human" molecule. If fiilly active fusion proteins lackmg a linker or with a minunal linker are identified, we 
♦will perform additional in vivo experiments witti best of these proteins. 

♦A tiiird aspect of Ihe Phase EL researdi is to continue efforts begun during Phase I to construct fiilly active IgG-Cn 
♦jSision proteins. We propose experhnents to co-express IgG li^t chains to prevent aggFegation of the fiision 
♦protems. If tiiese experiments are successfiil, we will petfbnn additional animal studies witii Ihe these proteins. 

♦ A fourtii aspect of the proposed research will be to develop processes for high level recombmant repression of 
♦ihe best fiision protein devebpment candidates in stably liansfbrmed mammalian cells and to devebp processes for 
♦purification and dharacterization of tiiese recombinant proteins. 

*L Animal Experiments with IgG-Fc Fusion Proteins 
♦A. Fhannacoldnetic Experiments 

♦ We will collaborate wifli researchers at BolderPATH, Inc., a local contract pharmacology, toxicology and 
♦patiiology company, to perform pharmacokinetic stadies of Ihe EPO-IgGl-Fc and G-CSF-IgGl-Fc fusion proteins 
♦to detennine if the fiision proteins have longer circulating half-lives than the corresponding non-fused proteins. 
♦BolderPATH, Inc., an unafiBIiated company, is based at the University of Colorado, Boulder. The animal 
♦experiments will be performed at The Univrasity of Colorado, Boulder Ammal Facility, which is an accredited 
♦aiumal research &cility. The phaimacokmetic data wiU guide us in designmg anunal experiments to determme 
♦dosmg regjimens to cnmpare the efBciencies of EPO-IgGl-Fc and G-CSF-IgGl-Fc to wild-type EPO and G-CSF. 
♦Both intravenous and subcutaneous pharmacokinetic data will be obtained. Termmal pharmacokinetic parameters 
♦will be calculated firom the intravenous delivery data. These raqperiments will be performed initially wiBi flie IgQI- 
♦Fc fusion proteins and later with other promising development candidates such as modified vo'sions of these, 
♦proteins or fiiUy active IgG-Cn constructs, if we are able to create them. We expect to find tiiat tiie fiision protems 
♦have significantiy longer circulating half-lives than the non-fiised proteins. 

♦ For the intravenous delivery studies, rats (~350g} will receive an intravenous bolus mjection (D.l mg/kg) of the 
*IgGl-Fc fiision protein (HPO or G-CSF) or tiie corresponding non-fiised protem (EPO or G-CS^ and circulating 
♦levels of tiie protems measured over the course of 144 h. Three rats will be used for each protein sample. Blood 
♦samples will be drawn at 0, 0,0B, 0.5, 1.5, 4, 8, 12, 24, 48, 72, 96, 120, and 144 h following intravenous 
♦administration. The large number of blood samples to be analyzed is necessitated by Ihe feet that IgG fiision 
♦protems can have half-lives of several days in a rat (Richter et aL, 1999). The control proteins, EPO and G-CSF, 
♦are expected to have circulating half-lives of 2-3 h ( Elliot and Byma, 1995; Tanaka et al., 1991). Serum levels of 
♦the test proteins will be quantitated by Bolder Biotedmobgy researdhers usmg commercially avaOable EPO and G- 
♦CSF ELISA kits (R & D Systems). Because of the cost of the ELISAs, serial dilutions of each blood sample will be 
♦analyzed initially in tiie in vitro bioassays to identijgr dOutions tiiat will M witiiin tiie linear range of tiie ELISAs. 
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*(0.02S to 1.6 ne/ml for EPO and 0.04 to 2-.5 ng^ml &r G-GSF). We ynQ pecfana initial tttiation experiments to 
"iion-fiiSBd proteins. Hub experiment wll reqiure 105 |xg of each lootein. 

♦ Tbe subcutaneons delivery Etodies &Ilow Hie same protocol as the hitravenous studies excqit &r fiie routs 
*of delivery. Serum levels of flie test protems will be qnantitated by EUSA as described above. This experiment 
*will require lOS [ig of each protein. 

*B. Animal Efficacy Models 

♦ Initially, we will determine in vivo efficacy of EPO-IgGl-Fc and Q-CSF-IgGl-Fc in normal rats and mice since 
""these models are easier to perform. These studies will allow us to determine proper doses and dosing schedules. 
'•'Subsequently, we will determine efficacy of tiiie proteins in appropriate disease models - anemia fiirl^O-IgGl'Fc 
♦and neutropenia for G-CSF-IgQl-Fc. We will collaborate with researchers at BoIderPATH, Inc. to perform the 
♦animal studies, which will be praformed at the University of Colorado, Boulder Animal Facility. BoIderPATBE has 
♦experience in perfbraung these bioassays. We expectto find that the IgG fiision proteins produce results equal or 
♦superior to the non-fused proteins, but can achieve these results wifii less Sequent dosing. We expect to find that 
♦the IgG fusion proteins are more efficacious than the non-fiised proteins when both are administered usmg the less 
♦frequent dosmg schedules. 

♦ The phaimacokinetic experunents will provide guidance m deciding dosmg schedules fin- the IgGl fiision 
♦protems to be used for the aiumal studies. From published results wifli other IgG-Fo fiision protems (Richtar et aL, 
♦1999; Zeng et al., 1995) we expect the fusion protein vrillbe rffective when admmistered every other dsty or every 
♦third day and possibly less often, e.g. a single injection. Because lodents metabolize proteins faster than hnmans 

♦ Qvlordenti et al., 199 1), dosmg every other day or every third day hi a rod^ is roughly equivalent to dosmg every 
♦week or every other week m a human. The dosmg schedules may have to be modified depending upon the results 
♦of thepharmacoldnetic studies and mitial ammal efBcacy results. The dose of protein admmistered per injection to 
♦the rodents also may have to be modified based upon the results of &b pharmacokinBtic experiments and Initial 
♦animal efBcacy results. We have budgeted monies for experiments to determine whether flie fiision proteins are 
♦effective when admmistered every oflier day (EOD) and every flikd day (ETD). 

*1. EPO Animal Efficacy Models 

♦ We will compare the In vivo efBcacy of EPO-IgGl-Fc fiision proteins (and later other EPO-IgG fusion proteins) 
♦to wild type EPO m stimulating mcreases mcreases in hematocrit and erythropoiesis in normal rats, Sprague- 
♦Dawley rats (~200g) will be purchased from a commennal siqiplira- such as Charles River (Wihnhigton, MA). 
♦Previous studies have shown thst admmistration of 100 lU/kg (approxunately 800 ng/kg) of rEPO once per day 

♦ (160 ng SID / 200 g lat) by subcutaneous hjection gives a significant increase in hematocrit and erytbropoiesiB in 
♦rodents (Matsnmoto et al., 1990; Vaziri et al., 1994; Baldwm et aL, 1998; Sykowski etal., 1998). Groups of 5 rats 

. ♦will receive subcutaneous injections of rEPO, EPO-IgGl-Fc or placebo (vehicle solution) at specified mtervals for 
♦up to five days. The highest dose of EPO-IgGI-Fc will be a molar equivalent rEPO. We will test a wide range of 
♦H'O-IgGl-Fc doses (ezS-rfold variation) for these mitial experiments to mcrease tiie likelihood that one of the 
♦doses will be effective. It is possible that administration of too much EPO-IgGl-Fc wiD impede erytbifopoiesis due 
♦to toxicity. Control rats will receive vehicle solution onl/. Additional control groiqis will receive rEPO (160 
♦ng^SID for S days) and 160 ng rEPO usmg the same dosing reghnen as EPO-IgGl-Fc. On day 6 the animals will be 
♦sara-ifioed and blood samples collected for hranatorait and complete blood cell count (CBC) analysis. 
♦Hematopoietic tissues (liver and spleen) will be collected, weired and fixed m formalin for histopaliiologio 
♦analyses to look for evidence of mcreased erythropoiesis. Bone marrow will be removed from various long bones 
♦and the sternum for unit particle preps and histopathologic analysis to look for evidence of increased 
♦erythropoiesis. Comparisons between groups vrill be made using a Students T test for single comparisons and one- 
-way anidysis of variance for multiple comparisons. P< 0.05 win be considered significant 

♦ We expect to find that daily injections of rEPO stimulate increases in hematocrit and erythropoiesis in the rats, 
♦whereas less firequent admmistration of the same dose of rEPO does not, or does so to a lesser extent We expect to 
♦observe dose-dependent increases m these parameters in the EPO-IgG-Fc-treated anunals. We expectto obsMTe 
♦greater increases in these parameters in the EPO-IgGl-Fo-treated animals than in animals treated with EPO using 
♦the less frequent dosmg schedules. We also expect to find that significantiy less EPO-lgQl-Fc is requbed to 
♦achieve the same increases m these parameters obtamed witii daily injections of EPO. 

♦ We will consider performing additional experiments with less fi-equsit dosing, e.g., a single mjection, if results 
♦firom &e EOD nad ETD experiments are prornismg. 
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*EPO Experiment 1 - Normal Rats - Every Oflier Day Dosing: Rats will recave injections eveiy o&er day 
■■pOD), i.B. on days 1, 3 and S, for a total of fliree injecQons. Total amount of tEFO and EPO-IgGl-Fc required for 
♦Experimrait 1 is 6.4 |ig and 8 (ig, respectively. 
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*EPO Experiment 2 - Normal Rats - Every Tiiird Day Dosing: Rats will receive injections every Uiird day 
*{ETD), i.e., on days 1 and 4, for a total of two injections. Total amount of rEPO and EPO-IgGl-Fo required for 
♦Experiment 2 is 5 .6 ng and 5 ^& respectively. 
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'"'EPO Experiment 3 - Rat Anemia Model 

* Cisplatm-induced anemia is a well-characterized rodent model of chemoliiBrapy-induoed anemia and has direct ■ 
♦relevance to the human clinical setting. rEPO reverses the anemia in fliis model when administered at daily doses 
*of 100 Units/leg (MalBumoto et al., 1990; Vaziri et al., 1994; Baldwin et al., 1998), If EPO-IgG-Fc is capable of 
♦increasing hematocrit levels in normal rats we e^qject it also will be effective at reversing anemia in this modeL 
♦The dosing schedule for EPO-IgQ-Fc to be used in liiis experiment will be the one that worked best m the normal 
♦rat experiments. The experimental protocol outlined below assumes EPO-IgG-Fc will be effective when 
♦administered ETD, but this can be altered based upon results of raqjeriments with normal rats. Sprague-Dawley 
♦rats (~200g) will be treated on day 0 wi& an mtraperitoneal injection of Cisplatin (3.5mg/kg) to induce anemia and 
♦randomized to various treatment groups. TTie dosing schedule and amounts of protein injected per rat will be as 
♦described for flie ETD normal rat experiments described aibove. Rals will receive injections of EPO-IgG-Fo, rEPO 
♦or saline on days 1, 4 and 7, for a total of fliree injections. One control group of rats will receive daily 
♦subcutaneous injections ofrBPO (100 Units/leg). Another control group will notreceivBtbB initial Cisplatin 
♦injection but will receive ETD injectjons of saline. On day 9 the rats will be sacriflced and blood and tissue 
♦samples obtained for comprehensive CBC and histopathology analyses. The amount of rEPO and HPO-IgG-Fc 
♦required for this experiment is 9 [ig and 7.5 |ig, respectively. 
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'''C. Prepare Recombinant Proteins for Pharmacokinetic and Animal E£Sca<^ Experiment 
*1. EPO-IgGl-Fc and G-CSF-IgGl-Fc Fusion Proteins 

* Hie total amounts of the IgGl-Fc fusion proteins required for Hie phannacokinetic and animal efHcacy 
♦experiments described above are 250 pgBPO-IgGl-Fc and 500 pg G-CSF-IgGl-Fc. Using die COS cell transient 
♦expression system and Protein A afSnily colmnn, we purified~ 250 pg EPO-IgGl-Fc and -125 pg of G-CSF- 
*IgGl-Fo from -300 ml of conditioned medium collected by repeated harvests of seven T75 flasks. Li order to 
♦obtain animal data for pharmacokinetics and efBcacy of these molecules as soon as possible, v/e will scale up the 
*COS cell transient eiqiressian system and Protein A affinity purification to produce sufficient material for the 
♦proposed in vivo ejqmriments. Ultimately, we will ultimately want to express these fiision protems in stably 
39 



%ansfi)nnedinBiimialiBn cell lines such as CHO cells and these plans are described below. However, devdiopment 
*of stable itiamirmHan cell expression systems snch as CHO cells lypically employs multqile romds of graie 
♦amplification to Bcbieve high level ejqiressian of heterologous genes and this process can be time consunimg. 
♦Therefore for the initial Phase II studies, we will produce flie IgGl-Fc fiidon proteins using the procedures 
♦described in the Phase I summary fin" transfections and harvesting of conditioned media. 

♦ For EPO-IgGl-Fc we will repeat the expression and purification of iMs protein firom conditioned medium 
♦collected from 7 T75 culture flasks, which which should yield -250 jig of protein. We still have in hand >1 00 ]ig 
♦of the EPO-IgGl-Fc protein that was purified during Phase L Thus, one small (7 X T75) preparation should 
♦provide more than enough material far the mitial Phase II in vivo experiments. 

♦ During Phase I we purified only 122 fig of G-CSF-IgGl-Fc from seven T75 culture flasks. For Phase II we plan 
♦to soale-up the preparation - 7-fold. We will use 24 T150 flasks fbr production of conditioned medhmi. Assunimg 
♦results similar to those seen in Phase I, we project a recovery of -850 fig which would be adequate. If needed, we 
♦will repeat the 24 X T150 scale preparation. Pooled material from two preps on this scale should provide sufficient 
♦material for the uutial Phase n f« vivo experiments. 

*2. Non-Fused EPO and G-CSF Control Proteins 

* We will need to purify 250 |ig rEPO and 450 fig tG-CSF for -flie pharmacokmetic and initial animal efBcacy 
♦experiments described above. The small amount of EPO required will allow us to produce this protein by transient 
♦transfection of COS cells. G-CSF will be produced in transientiy iransfected COS cells or bacteria. 

* For expression of rEPO in transiently transfeoted COS cells. We will modify the 3' end of 
♦pCDNA3.1(+)::EP0fiis (described above) to add DNA, sequences encodmg gly-gly-ser-asp-lyr-lys-asp-asp-asp- 
♦asp-lys Allowed by a translational stop codon. We vnll add this sequence as a syn&etic -40 bp double-sfranded 
♦oligognndeeotide with Bam m-Eco'KL ends to Bam HI - £ca SI cut pCDNA3. l(-l-}:-.EP0fi]5. This will generate 
♦an EPO construct wifih a carboxytemuna] fusion of Ihe 7 amino acid flexible linker present in the IgG fhsions and 
♦the "FLAG" epitope. This construct will be ejq)ressBd In COS cells. The FLAG epitope will allow use an affinity 
♦column based on the anti-FLAG monoclonal antibody MZ to purify this "FLAG-tagged" EPO. Using a 
♦baoulovirus expression vector, we have expressed the same "FLAG-tagged" EPO protein in insect cells and 
♦purified it to homogeneity witii an anti-FLAO monoclonal antibody M2 afBnity column. This protein was fully 
♦active in vitro and we have greater than 200 fig of the purified proton in hand. We prefer to use COS cell 
^expressed EPO as a control fbr EPO-IgGI-Fc produced in COS cells to avoid differences m protein glycosylation 
♦that result fi-om msect versris mammalian expression systems. However tiie baculovirus-produced material is 
♦available as backup if we encounter unexpected problems with COS cell ejqjression of EPO. We will assess the 
*level of EPO expression in transiently infected COS cells using an EPO ELISA and then scale the expression 
♦system to an appropriate level to generate sufBcient material (-250 pg) for the Phase II in vivo expericnents, 

♦ We have, cloned and expressed human G-CSF m E coli as a protein secreted to the periplasm. We are ourrentiy 
♦purifying tiiis molecule and have not as yet determined its in vitro bioactivity. If the protein is fully active, we 
♦should be able to use this system to pur'^ sufficient R coZi-derived rG-CSF (-500 pg) for use in the in vivo 
♦studies. Naturally occuirmg G-CSF contains one 0-linked glycosylation site and no N-linked glycosylation sites 
♦so fliat Ihe distinction between E coll and COS derived proteins will be sligliL Moreover the current G-CSF 
♦commercial product, Neupogen, is produced in E colL If fbr unforeseen reasons we are unable to purify active G- 
*CSF fi:om E coli, we will modify the pCDNA3.1(+)::G-CSFfus plasmid to e3q)ress a FLAG-tagged G-CSF via the 
♦same modifications described above forHPO. We do not know if a "FLAG-tagged" G-CSF will be fiilly active, 
♦buttiiis seems likely since the carboxytHrmhiBl fiision of the much largor IgGl-Fc protem did not interfo^e with G- 
*CSF bioactivify. If we use COS cell expression, we will assess the level of G-CSF expression m transientiy 
♦transfected COS cells usbg a G-CSF EUSA and thai scale tiie expression system to an appropriate level to 
♦generate sufficient material (-500 pg) for the Phase II in vivo experiments. 

*IL Create Stably Transfected Mammalian Cell Lines Expressing the GF-IgG Fusion Proteins 

♦ Transient expression of the the GF-IgG fusion proteins using the COS cell expression system will provide Ihe 
♦quickest route to in viva testing of IgG fusion proteins for pharmacokinetics and animal efficacy. Ultimately, 
♦though, we expect to manufecture the proteins in stably transformed mammalian cell Imes. Stably transfected 
♦CHO (Chinese Hamster Ovary) cell lines are widely used for recombinant protein expression (Geisse et al. 1 995; 
♦Trill et al. 1995). High level expression of chromosomally mtegrated heterologous genes m CHO cells can be 
♦ai^eved by gene amplificBtion. TVpicaUy ^ gene of interest is linked to a marker gene fi>r which amplification is 
♦selectable. A number of genes tiiat provide selections for amplification have 'been described pCaufinan 1990) but 
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♦murine dihydrofolate reductase (dhfr) is perhaps liie most frequenfly employed. AmpUScatioa of this gene confers 
*iesistance to the folate analog methotrexatB (MIX) and level of resistance is proportional to fte dhfr geas copy 
*nmnber (Alt et al. 1978). Utility of fliis selection is raihanced by the availabiUty of mutant CHO cell Imes that are 
♦deficient m dhfir (Urlaub and Chasin, 1980). l^ally aplasmid carrying the gene of interest and the murine dhfr 
*gene is tranfected mto a dhfr" CHO cell line and stable transfismants selected using the dhfr"* phenotype'or by 
♦resistance to a lethal drug such as G41 8 (geneticin sulfite), which is conferred by a plasmid-borae resistance gene. 
♦Neomycin phosphotransferase Q^T) is the most common gpne used to confer resistance to G41S. Subsequent 
♦multiple rounds of selection fer resistance to increasing levels of MIX results in amplification of the plasmid- 
♦dedved dhfi' gene. In a fraction of Ibe MTTX resistant clones tiie level of Bjqpression of the gene of interest is 
♦correspondingly mcreased. 

♦ The procedures for tranfection, selection and amplification in CHO cells are well described in the literature and 
♦have been used to ejqpress high levels of a number of hnmunoglobulin fusion molecules (Chamow and Ashkenarf 
♦1996) of a variety of heterologous proteins (Geise, 1996; Kaufinan, 1990). Amplification can typically yield cell 
♦lines producing 1-5 ug/ml of a desired recombinant protein in T flasks and 5 to 10-feld higher levels in roller bottle 
♦culture. Inununglobulins such as monoclonal antibodies ^ically are expressed at relatively high levels in CHO 
♦cells CTrill et al 1995). Expression of our fusion proteins in COS cells is on the order of ~ 1 ug / ml per 72 h, which 
♦is in flie normal range for immunoglobulins such as monoclonal antibodies expressed m COS cells (Trill et al 
♦1995). HopefiiUy this will translate into robust expression our our fiision proteins in CHO cells as well, although 
♦COS cell results are not always predictive of results from expression in stable cell Imes (Tiill et al 1995). 

♦ We will construct expression vectors for ^O-IgGl-Fo and G-CSF-IgGl-Fc tiiat will incoiporate the murine 
♦dhfr gene mto the commercially available pCDNA3.1 expression vector (Invilrogen), which mcludes fheNPT 
♦gene. The murine dhfr expression vector pdlifr2.9 is available from ATCC (# 37165). This plasmid expresses 

' ♦mouse dihydrofolate reductase in eukaiyotic cell lines. The dhfr gene is selectable in dhfr" CHO cell lines and can 
♦be amplified by standard selections for MTX resistance (Grouse et al, 1983). The dhfr coding sequence can be 
♦excised from pdhfr2.9 as a ~ 900 bp Bgl U fragment, which we will clone mto the unique Bam HI site of the 
♦polylinker of tiie expression vector pEEP4 Onvitrogen). This construct will position tiie dhfr coding sequence 
♦downstream of the strong RSV promoter, which is known to function ni CHO cells (IVill et al, 1995) and upstream 
♦of a polyadenylation site deived from SV40. This dhfr expression cassette can then be convenientiy excised from 
*pREP4 as a SaZ I fragment since Sal I sites closely flank the promoter and polyA addition site. Using 
♦olignucleotide Meets this Sal 1 fragment will be cloned into the unique U. site of pCDKAS.l. The EFO-IgOl- 
*Fc and G-CSF-IgGl-Fc genes will subsequently be cloned into Ibe fli&id m -Xba L sites of pCDNA3.1 polylinkey 
♦region under control of the CMV promoter. 

♦ Endotoxhi free plasmid DNAs will be used to transfect dhfr' CHO cells. We will obtain a dhfr' CHO line, either 
*CHO.KlDUKXBllfiDmL.ChasinatColumHa University or CHO duk" from the ATCC (#CRL-9096). CeDs 
♦will be cultured in F12/DMEM medim supplemented witii 10% FCS, glutamine, glycine, hypoxantbine, and 
♦thymidine CLuoas et al, 1 99X). Transfeotions will be carried out with LipcfectAMINE (Gibco BEL) usmg 
♦protocols similar to those used during Phase L We will select for dhfr* transfectants in F12/DMEM supplemented 
♦with 7% dialyzed FCS and lacking , glycine, hypoxanthine, and thymidine (Lucas et al., 1 99X). Alternatively, we 
♦will select for G41 8 resistance and subsequentiy screen transfectants for the dhfr*^ pfaenotype. Dhfr'*' clones will be 
♦racpanded in selection medium and screened fer EPO-IgGl-Fc or G-CSF-IgGl-Fc production by ELISA CR&D 
♦Systems). Clones with the hi^est expression levels will be pooled and subjected to multiple rounds of selection 
♦for MTX resistance at increaing drag concentration as described by Kaufman (1990). After each round of MTX 
♦selection, a set of mdividual clones will be tested for EPO-IgGl-Fc and G-CSF-IgGl-Fc production. 

♦in. Eliminate or minimize the linker in the EPO-IgGl-Fc and G-CSF-IgGl-Fc fusions. 

♦ We will determuie the importance; in any, of the flexible peptide linker [ser-gly-gly-ser-gly-gly-ser] that fuses 
♦the growtii fector domain to the immimo^obulm domain. We mcluded the linker in our initial constructs to 
♦increase the likelihood tiiat flie fiisions would be active. Typically, fusions to the IgG hinge region have not 
♦employed such flexible linkers, as flie hinge itself fimctions in this capacity (Oiamow and Ashkenazi, 1996). hi 
♦principle there is no reason to include such a linker in a compound to be used in human subjects unless it is. 
♦unpdrtant for optimal functioning of the molecule. To deteraiine if the peptide Imker is important for bioIogicBl 
♦activity of the EPO-IgGl-Fc and G-CSF-IgGl-Fo fusion protems we will constnict modified forms of fliese two 
♦fiisions that shorten (to two or four residues) or eliminate the linker. 

♦ We will use PGR based "gene splicing by overlap extension" as described in Phase I to generate GF-IgG - Fc 
♦fiisions without a linker. We will generate PCR products consisting of the IgGl-Fc coding sequence with a short 
♦5' extension, consisting of the 3' tenninal - 15 bp of codmg sequence of EPO or G-CSF fiised directly to the hmge 
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♦coding sequence. At the same time we will generate PGR products consisting of the EPO or G-CSF coding 
♦sequences with a short 3 ' extension consisting of the first 1 5 bp of the hinge coding sequence fused directly to the 
*EPO or G-CSF coding sequence. The growth factor fragments and the IgGl-Fc fragments can then be spliced 
♦together via PGR "Sewing" to generate direct fusions. These PGR products will be digested with appropriate 
♦restriction enzymes to generate relatively small DNA segments that span the fusion point and which can be readily 
♦cloned into similarly cut vectors pGbN3.1(+)::EPO-IgGl-Fc and pCDNA3.1(+)::G-CSF-IgGl-Fo for sequence 
♦conSimaiion and COS cell e^qiression. QoDing these smaller DNA fragments will minimize the sequencing that 
♦will need to be done to confinn flis seqaences of the direct fiisions. 

♦ To construct a di-peptide [ser-gly] linkBr, we win PGR Ihe IgGl-Fc sequence wiOi a 5' oligonuclBotide that adds 
♦the S' extension CGCTCCaOA to the hinge coding sequence. The TCCGGA hexanucleotide is a bleavage she &r 

♦flie restricaon endonuolease Bsp EI and encodes amino adds ser-gly. This PGR fragment will be digested wifli Bsp 
♦EI and Sac II and the - 240 bp fragment cloned into shnilarly cut pCDN3 . l(+)::EPO-IgQl-Fc and 
♦pCDNA3,l(+)::G-GSF-IgGI-Fc. The miique Bsp EI site in each of these plasmids occurs at the first ser-gly in the 
♦linker [ser-gly-gly-ser-gly-gly-ser] so that the resulting recombinants will contain this 2 amino acid, ser-gly, linker. 
♦The sequQice of Ihe newly inserted ~ 250 bp Bsp EI - Sac U fragment will be verified. 

♦ A similar procedure will be used to construct the 4 amino acid [ser-gly-gly-ser] linker. We will PGR the IgGl- 
*Fc sequence witti a 5' oligonucleotide that adds the 5* ractension GGGGGATGG to tiie hmge coding sequence. The 
♦GGATCC hexanucleotide is' a cleavage site for file restriction endonuclease Bam HI and encodes amino acids gly- 
♦ser. This PGR fragment will be digested wifii Bam HI and Sac n and the ~ 240 bp fragment cloned into shnilarly 
♦cut pGDN3.1(+)::EP0-IgGl-Fc and pGDNA3.1(+)::G-GSF-IgGl-Fc. The unique Bam HI site in each of these 
♦plasmids occurs at the first gly-ser in the linker [ser-gly-gly-ser-gly-gly-ser] so the recombinants will contain tiie 4 
♦amino acid (ser-gly-gly-sar) linker. The sequence of the mserted ~ 250 bp Bam HI - Sac II peice will be verified. 

♦ During Phase I we measured specific activities of the IgG fusion protems using purified proteins. In retrospect, 
♦we have found that combining bioactivily data from unpurified COS cell supematants with quantitation of the IgG- 
*Fo fiision proteins in the COS cell supematants by ELISA gives specific activity results essentially identical to 
♦ihose obtamed with tiie purified fusion proteins. This is the approadi we will take to measure specific activities of 
♦die new Imker constructs. The linlcer variants will be transfected into COS cells using the small-scale 6-weIl plate 
♦procedure described in the Phase I report Concentrations of the IgG fusion proteins in the COS cell supematants 
♦will be measured using EPO and G-CSF ELISAs. Bioactivities of the supematants will be measured using the 
♦established bioassays described ui the Phase I report From tiiese data we can determine specific activities of the 
♦new fusion constructs. The oripnal linker constracts will be analyzed in parallel for controls. Those linker 
♦variants that appear to be fiiUy active in this screen will be scaled up for purification and fiirther characterization. 

♦IV. Improve Bioactivities of IgGl-Ca Fusion Proteins 

♦ The IgG-Cn fusion constracts analyzed during Phase I appear to aggregate during purification and the specific 
♦activities of flie fiised growth factors were reduced ~ 2-3-fold as compared to the analogous Fc fusions. 
♦Aggregation may be due to hydrophobic interactions involving the CHI domain that normally interfaces with the 
♦light chain. ' Coexpression of light chains may prevent aggregation. Most IgG fiisions have employed ttie Fc 
♦portion of Ihe immunoglobulin genes and it has been suggested that secretion and assembly of such fiisions in the 
♦absence of light chain expression is unproved hy deletion of the OHl domain (Chamow and Ashkenazi 1996). We 
♦are aware of oiily two IgG-Cn fiisions: CD4-IgQ-CH (Capon et al, 1989) and IL-2- IgQ-Cn (Landolphi, 1994). 
♦Most IgG fiision molecules have been constracted as research tools to identify and characterize receptor - ligand 
♦interactions and the biological fimctipns of these mteradons (Chamow and Ashkenaa, 1996) and IgG-Fo fiisions 
♦typically fiinction well for the these types of experimaits. Our focus with these fiisions is on extending in vivo half 
♦life of the fiised cytokme element and for fiiis purpose complete heavy cham fiisions, coexpresssed with the light 
♦chain constant domain could potentiaUy provide longer circulating half lives than the smaller Fc fusions. These 
♦larger, more complex stmctures will more closely resemble bona fide IgG molecules and as such may have 
♦circulating half lives closer to that of IgGs. All of the Fc flision molecules for which there are in vivo data on 
♦circulating half life (Riohert et al., 1999; Zeng et al.. 1995) fall short of the 21 day half-life of the IgG molecule 
♦(Roitt et al., 1989). Therefore, durtag Phase n we will pursue active EPO and G-CSF fiisions with IgGl-Cn by 
♦cloning and coexpressing human light chains. 

♦ The DNA sequences ofhumank^pa and lambda light chains are known (Heiteretal., 1980). Wewillclone 
♦the DNA sequences encoding the human k^pa and / or lambda light chain constant (GL) regions by PGR 
♦amplification from the human leukocyte sin^e-stranded cDNA (Clontech) used to clone the IgGl and IgG4 heavy 
♦diain sequences duroig Phase L We will verify the DNA sequences of fiie cloned CL domains and ibsa use PGR 
♦based mntagensis to modify the 5' and 3' ends fiir expression in mammalian cells in three difiFerent formats, 
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* 1. We will add a Kozak sequence and a secretion signal to fte 3' end to enhance translational initiadon and 
*diiecttiie secretion of the lig^t chain. We vrill add atransladonal stop codon to the 3' end of &e sequence. 
♦Appropriate cloning sites will be added to die 5' and 3' ends to allow cloning into the mammalian cell expression 
♦vector pREP4 (Invitrogen) under control of the RSV promoter and preceding the SV40 derived polyA addition site. 
♦This construct will be used to cotransfect COS cells along with pCDNAS'. 1 (+) derivatives that express EPO-IgQ- 
♦Ch and G-CSF-IgG-Cn. If we prefer to express bodj light and heavy chams from a single construct, we will excise 
♦the light chain sequence and the flanking promoter and polyA sites from pREP4 and clone dnis fragment into 
*pCDNA3.1(+). The EPO-IgG-CH and Q-CSF-IgG-CH coding sequences could then cloned into the pCDNA3.1(+) 
^olylinlcer under control of the CMV promoter. 

* 2. An alternative mode oflight chain expression will be to modify the 5' end to add a portion of a flexible linker 
♦sequence &sed to the amino-terminus of the CL coding sequence and add a translational stop codon to the 3' end 
♦of the sequence. Appropriate cloning sites will be added as well to the 5' and 3' ends to allow cloning as an in 
♦frame fusion to the EPO and G-CSF genes cloned in the plasmids pCDNA3.1(+)::EP0fus and pCDNA3.1(+)::G- 
♦CSF&s. We will cotransfect this plasmid into COS cells with plasmids that express EPO-IgGl-CH and G-CSF- 
♦IgPl-Cii. la this instance bodi heavy and light chains will contain growth &ctor fiisions. The light and heavy 
♦chains could be repressed from a single pCDNA3.1 construct as described above. 

* 3. A third mode of "co-expression" would be to modify the 5' and 3' ends of the CL codmg sequence to 
♦incorporate portions of a flexible linker-atboth ends. By also incorporating appropriate cloning sites {Bsp EI and 
*Bain HI) such a construct can be inserted into the Bsp EI and Bam HI sites within the flexible Imkers of the EPO- 
♦IgG-Cn and G-CSF-IgG-CH fusions in pCDNAS . 1 (+). The resulting constructs would encode single polypeptide 
*[EPO]-[CL]-[IgG-CHl and [G-CSFHCL]-|lgQ-C J fusions. The fiision of the carboxy-teimlnus of the li^t chain 
♦constant region to the Bmino-terminus of the heavy chain CHI domam seems reasonable by analogy to single chain 
♦Fv polypeptides. Flexible peptide linkers of tiie (ser-gfy-gly) motif on the order 14 to 20 residues in length have 
♦been used to fiise the carboxy-tenninus of the li^ chain variable region to tiie amino-tenninns of the heavy chun 
♦variable domam (Stewart et al., 1995). 
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Lramunoglobufin Fusion Proteins 

Field of the Invention 

This invention relates generally to methods for constructing proteins and more 
specifically to methods for constructing recombinant IgG fiision protons. 

Background of the Invention 

Prolongmg the cu-culating half-lives of protein pharmaceuticals is of interest to patients 

and healthcare providers. Long acting protem therapeutics ivill require less frequent injections 

and should be effective at lower doses than proteins with shorter drculating half-lives. It is 

known that increasing the effective size of a protem can increase its circulating half-life by 

preventmg removal of the protein by the kidney (Knauf et al., 1988; Mahmood, 1998). One 

metiiod that can be used to increase the effective size of a protdn is to use recombinant DNA 

technology to covalentiy fiise the protdn of interest to a second proton. The larger fusion 

protein often has a longer circulating half-life than the non-fused protein (Capon et al., 1989; 

Zeng et al., 1995). One class of protems that has been used frequently to create fusion protems is 

immunoglobulins (Ig), which are major components of blood. Immunoglobulins occur in 

various classes known as IgG, IgiM, IgA, IgD, and IgE (Roitt et al., 1989). Human IgGs can be 

fiirther divided into various types known as IgGl, IgG2, IgG3 and IgG4, which are products of 

distinct genes. IgGl is the most common immunoglobulin in serum (70% of total IgG) and has a 

serum half-life of 21 days (Capon et al., 1989; Roitt et al., 1989). Altiiough less abundant, IgG4 

also has a long circulating half-life of 21 days (Roitt et al., 1989) 

Human IgGs have a multidomain structure, comprising two light chains disulfide-bonded 

to two heavy chains (reviewed m Roitt et al., 1989). Each light cham and each heavy chain 

contains a variable region joined to a constant region. The variable regions are located at the N- 
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terminal ends of the light and heavy chains. The heavy chain constant region is fbrther divided 

into CHI, IBnge, CH2 and CHS domains. The CHI, 032 and CHS domains are discreet 

domains that fold into a characteristic structure. The Hinge region is a region of considerable 

flexibility. Flexibility of the hmge can vary depending upon the IgG isolype (Oi et al., 1984; 

Dangl et al., 1989). IgG heavy chains normally form disulfide-linked dimers through cystdne 

residues located in the Hinge re^on. The various heavy chain domains are encoded by different 

exons in the IgG genes (Ellison et al., 1981; 1982). 

Proteins have been fused to the heavy chdn constant region of IgGs at the junction of the 

variable and constant regions (thus containing the CH1-Hmge-CH2-CH3 domains - referred to 

herein as the IgG-Cn fusions) at the junction of the CHI and Hinge domains (thus containing the 

Hinge-CH2-CH3 domains - referred to herem as IgG-Fc fusions), and at the C-terminus of the 

IgG heavy chain (referred to herdn as IgG-C-terminal fusions). 

IgG fiision protdns have been created most often with the extracellular donuuns of cell 

surface receptors (reviewed in Chamow and Ashkenaki, 1996). Examples of extracellular 

domains of cell surface receptors that have been joined usmg recombinant DNA technology to 

the Ch or Fc domains of human or mouse IgGs include CD4 (Capon et al., 1989), tumor necrosis 

factor receptors (Mohler et al., 1993), CTLA4 (Lmsley et aL, 1991a), CD80 (Linsley et al, 

1991b), and CD86 (Morton et al., 1996), Extracellular domams of receptors evolved to function 

when fused to other amino acids, i.e., the transmembrane and mtracellular domains of the 

receptor; therefore it is not surprising that extracellular domains retain their ligand binding 

properties when fiised to other protein domains such as IgG domains. Despite this, differences in 

ligand binding properties have been noted for certain extracellular domains. For example, a 

fusion protein comprised of the extracellular domain of CD4 to human IgGl-Ca had 2-fold 

reduced afBnity for the CD4 ligand gpl20 than non-fused CD4 (Capon et al., 1989). 
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There are significantly fewer examples of proteins that are normally soluble, e.g., growth 
factors and cytokines, etc, which have been fused to IgG domains and retained foil biological 
activity. Soluble proteins did not evolve to ftinction when fused to other proteins and there is no 
reason to expect them to retain biological activity when fosed to other proteins. In fact, in the 
majority of the published examples, biolo^cal activity of the ftised qrtokme/growth factor was 
significantly reduced relative to the non-fused cytokme/growth factor (see below). Whether or 
not the cytoldne/growth factor will fimction propwly when fiised to another protem will depend 
upon many factors, including whether the anMno-terminus or carbojqr-terminus of the 
cytokine/growth factor is ejqposed on the surfece of the protdn, whether these regions are 
important for biological activity of the cytokine/growth factor and whether the cytokine/growth 
factor is able to fold properly when fiised to another proteia By their very nature, such factors 
will be highly protdn-specific. Results with the few growth fector/cytokine fiision protdns that 
have been studied have shown how protem-specific biological activity of the fusion protein can 
be. In the majority of cases, biological activity of the fiised growth fector/cytokine is severely 
reduced, whereas, in the minority of cases fiill biolo^cal activity of the growth fectoir/cytokine is 
retained. In one case where biological activity of the fusion protdn was significantiy reduced, 
modifying the amino acids at the junction between the cytokine/growth factor and the IgG 
domain resulted in a fiision protdn with improved biological activity. This same modification 
did not improve biological activity of a second cytokine fiised to the same IgG domain (see 
bdow). 

Growth factors that have been fiised to IgGs mclude keratinocyte growth fector (KGF), 

fibroblast growth factor (FGF) and msulm-like growth factor (LGF-I). A KGF-mouse IgGl-Fc 

fiision protein was created by LaRochelle et al. (1995). On a molar basis, the fiision protein was 

4-5-fold less active than KGF in stimulating proliferation of Balb/MK cells in an in vitro 
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bioassay. The KGF-IgG-Fc fusion also had approxunately 10-fold lower afiBnity for the KGF 
receptor on cells than did KGF. A fibroblast growth fector-human IgG-Fc fusion was 
constructed by Dikov et al. (1998). On a molar basis the FGF- IgGl-Fc fusion protein was 
approxhnately 3-fold less active than FGF m in vitro assays in stimulating DNA synthesis in 
MH 3T3 cells. Shin and Morrison (1990) fused IGF-I to the C-tenninus of IgG and found that 
the IGF-I-IgG C-terminal fosion protdn had less than 1% of the in vffro biological activity of 
IGF-I. 

Examples of cytokines that have been fosed to IgG domains mdude IL-2, lL-4, IL-10 
and GM-CSF. Landolphi (1991; 1994) described an IL-2-IgGl-CH fosion protein, which 
included an extra amino acid, serine, between the C-terminus of IL-2 and the N-terminus of the 
IgG-CH domam. The IL-2-IgGl-CH fosion protem was as active, on a molar basis, in in vitro 
bioassays as IL-2, but no details were provided as to how protein concentrations were quantitated 
(Landolphi, 1991; 1994). Zeng et al. (1995) fosed mouse IL-10 directly to the Fc region of 
mouse IgG2a; however the first ammo acid of the Fc hinge region was changed fi^om Glu to Asp. 
Zeng et al (1995) reported that the IL-10-IgG2a fosion protdn was fiilly active in in vitro 
bioassays; however, only two concentrations of the fosion protdn were studied, both of which 
were saturatmg. These high protein concentrations would have allowed only major differences 
(e.g., 100-fold) in bioactivities between the IL-lO-mouse IgG2a fosion protein and EL-IO to be 
detected. To detect smaller differences in bioactivities, one needs to analyze serial dilutions of 
the protdns in in vitro bioassays and calculate ECsoS (the amount of protdn required for half- 
maximal stimulation). ECsos of the IL-10-IgG2a and IL-10 were not reported by Zheng et al. 
(1995). Chen et al.(1994) also constructed an IL-2-IgG fosion protein and reported that this 
fosion protdn was folly active. Gillies et al. (1993) also reported creating a folly active IL-2 
fosion protein comprismg IL-2 fosed to the C-terminus of an antiganglioside IgG antibody. 
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Unexpectedly, Oniies et al. (1993) found that a fiision between the same antibody and GM-CSF 
displayed only 20% of wild type GM-CSF bioactivity. Chen et aL (1994) were able to create a 
fully active IgG-C-tenninal- GM-CSF fusion protein by inserting four amino acids between the 
antibody molecule and GM-CSF. Unexpectedly, they reported that fusion ofIL-4 to the same 
antibody using the same four amino acid linker resulted in an IL-4 prolan with 25-fold reduced 
biological activity (Chen et al., 1994). 

Qiu et al. (1998) described homodimeric erythropoietin (EPO) proteins in which two 
EPO proteins were fiised together using flexible peptide linkers of 3-7 glycine residues. The 
peptide linker joined the C-tOTninus of one EPO protran to the N-terminus of the second EPO 
protein. In vitro bioactivities of the fusion proteins were agnificantly reduced (at least 4-10- 
fold) relative to wild type EPO (Qiu et al., 1998). 

It appears that tiie amino acids at the junction between the growth fector/cytokine domain 
and the IgG domain can have a profound influence on the biological activity of the fosed growth 
factor/cytokine. 

In work described herein, the inventors disclose IgG-Fc fiiaon protdns of erythropoietin 
(EPO) and granulocyte colony-stimulating fector (G-CSF) that have biological activities, on a 
molar basis, comparable to non-fiised (EPO) and G-CSF. In contrast, the inventors discovered 
that IgGl-CH fiisions of EPO and G-CSF had reduced specific activities (2-3-fold) relative to the 
non-fused proteins. The mventors also found that identical IgG-Fc and IgGl-Cn fiision 
constructs using growth hormone (GEO had significantly reduced (4 to 17-fold) biological 
activity relative to non-fused GH. These results provide further evidence as to the 
unpredictability of IgG fiision protein bioactivities. 

IL-2, IL-4, GM-CSF, GEI, EPO and G-CSF have nearly identical structures, comprising 
four alpha helices joined by loops (reviewed in Mott and Campbell, 1995). The characteristic 
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structure of these proteins is known as the four helix bundle. The four helix bundle structure is 

shared by a large nuniber of other cytokines and growth fectors, includmg GH, EPO, TPO, G- 

CSF, GM-CSF, M-CSF, JL-2, JL-3, JL-4, E^S lL-6, JL-7, TL-9, IL-11, IL-12, IL-13, IL-15, 

alpha, beta and gamma interferon, CNTF, LIF, and oncostatin M (reviewed in Mott and 

Campbell, 1995). The fact.that these protdns share a conserved structure makes it all the more 

surprising that bioacti^ties of the protdns are affected so ^erendy when they were fiised to 

other proteins such as IgGs. 

The idea of creating IgG &sion proteins with other cytoldnes and growth &ctors, and in 

particular EPO and G-CSF, are contemplated in patent applications EP 0 464 533 A and 

WO99/02709. The possibility of creating IgG fusion proteins with cytokines and growth factors 

also is disclosed by Landolphi (1994). None of these patents or patent applications present any 

data regarding expression, purification and bioactivities of the contemplated EPO-IgG and G- 

CSF-IgG fiision protrans. Landolphi (1994) presents bioactivity data for an IL-2-IgGl-CH fusion 

protein, but not for any other IgG fusion protein. The EPO-IgGl-Fc fiision protein contemplated 

by EP 0 464 533 A would contain the two amino acid linker, ProGlu, between Aspl65 of the 

EPO coding sequence and the beguming of the IgGl-Fc hinge region. The C-terminal ammo 

acid in EPO, Argl66 would be deleted. EP 0 464 533 A does not provide any information as to 

how the G-CSF coding region would be joined to the IgGl-Fc hinge region, Bioactivity data for 

neither protran is provided in EP 0 464 533. WO 99/02709 ^scloses constniction of an EPO- 

mouse IgG2a-Fc fiision protein, but not an EPO-human IgG fiision protein. Bioactivity data for 

the EPO-mouse IgG2a-Fc fiision protein are not presented. WO 99/02709 also does not provide 

details as to the source of the EPO cDNA or human IgG genes used to construct the 

contemplated fiision protdbs or the predse amino acids used to join EPO to the IgG domain. 

The reference cited in WO 99/02709 (Steurer et aL, 1995) also does not pro^dde this information. 
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Accordingly, WO 99/02709 does not adequately teach how EPO should be joined to an 
IgG domain. WO 99/02709 postulates that a flexible peptide linker of 0-20 ammo acids can be 
used to join EPO to the IgG domain. The amino acids to be used to create the flexible linkers are 
not specified by WO 99/02709. Qiu et al. (1998) reported that EPO fusion proteins joined by 
flexible linkers of 3-7 glydne residues have significantly reduced biological activities (4-10- 
fold) relative to wild type EPO. Thus it is clear from the literature that the precise ammo acids 
used to construct the linker fusing the cytokine/growth fector to the second protein are critical for 
determining bioactivity of the fusion protein. Since a peptide linker of 20 amino acids can have 
20^° possible sequences (since there are 20 different amino acid possibilities for each position in 
the sequence) it would require undo experimentation to test all possible linker sequence 
pOTimtations to identi^ a Imker that allows complete bioactivity of the cytokine/fusion protein 
to be retained. 

In work described herdn, the inventors discovered that bioacti^dties of fiision protems 
also can vary depending upon the isotype of the IgG domaia This result was not predicted from 
the literature. The mventors postulate that the bioactivity variability thry obsaved may relate to 
the flexibility of the hinge region in the IgG domam used to construct the frision protdns. Based 
upon these findings, the inventors believe that bioactivity of an EPO- mouse IgG fusion protdn 
cannot be used to predict bioacti^ty of an EPO- human IgG fusion protein. 

Brief Descri ption of the Figure. 

Figure 1 shows reduced and non-reduced SDS-PAGE analysis of purified GH-, G-CSF- 
and EPO-IgG-fiision proteins. Panel A shows purified Growth Hormone (GH)-IgG fusion 
proteins. Lane 1, molecular weight standards; Lanes 2 & 3 are bovine IgG standard at 1 & 2\ig 
respectively, reduced; Lanes 4,5 & 6 are GH-IgGl-CH, GH-IgGl-Fc, and GH-IgG4-Fc 
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respectively, reduced; Lane 8, 2\ig bovine IgG standard non-reduced; Lanes 9,10 & 1 1, are 
identical to lanes 4,5 & 6 except non-reduced. Panel B shows purified G-CSF-IgG fosion 
proteins. Lanes 1,2,3 & 8 are identical to those in Panel A; Lanes 4,5 & 6 are G-CSF-IgGl-Cn, 
G-CSF-IgGl-Fc and G-CSF-IgG4-Fc respectively, reduced; Lanes 9,10 & 1 1 are identical to 
lanes 4,5 & 6 except non-reduced. Panel C shows purified EPO-lgG fiision protems. Lanes 
1,2,3 & 8 are identical to those in Panel A; Lanes 4,5 & 6 are EPO-IgGl-Cn , EPO-IgGl-Fo and 
EP0-IgG4-Fc respectively, reduced; Lanes 9,10 & 11 are identical to lanes 4,5 & 6 except non- 
reduced. 

Detailed De scription of the Invention 

The present mvention provides methods for constructing novel EPO-lgG fusion proteins 
and G-CSF-IgG fiision protdns that possess in vitro biological activities equal to or withra 2- 
fi)ld, on a molar basis, the biological activities of non-fiised EPO and G-CSF. The invention 
discloses other methods fijr constructing EPO and G-CSF-IgG fiision proteins that possess in 
vitro biological activities within 4-fold of non-fused EPO and G-CSF. The invention also 
discloses methods for constructing novel GH-IgG fiision protems that possess specific in vitro 
bioactivities within 4-17-fold of non-fixsed GH. The invention fiirflier provides novel mterferon 
and other cytokine IgG fiision proteins. 

In the course of this work the inventors discovered that certain GH-, EPO- and G-CSF- 
IgG fiision protans were secreted from mammalian cells as mixtures of monomers and disulfide- 
linked dimers. Previous studies had reported secretion of only disulfide-lmked, dimeric IgG 
fiision proteins. For use as human therapeutics it will be desirable to use homogeneous 
populations of either monomeric or dimeric fiision proteins, but not mbctures of the two forms. 
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The inventors disclose methods for purifying monomeric and dimeiic forms of the fUsion 
protdins. 

The inventors also discovered that purified GH-, EPO- and G-CSF-IgG-CH fUsion 
proteins had reduced specific activities in in vitro biological assays compared to the non-fused 
protans and IgG-Fc fusion proteins. This mvenlion discloses methods to improve the specific 
biological activities of IgG-Cn fiision proteins. 

The invention also discloses EPO-, G-CSF- and GH-IgG fiision proteins with certain 
specific activities in in vitro biological assays but which possess reduced ability to activate 
complement and bind Fc receptors. 

The invention also discloses methods for constructing covalent, multimeric cytokine 
fusion proteins that retain biological activity. 

The teachings of this application are meant to include variants of the disclosed protdns 
that possess siame or all of the biolo^cal properties of the disclosed protdns. In some cases the 
variants may possess additional properties, e.g., improved stability or bioactivity, not shared by 
the original protein. For example, Mark et al. (1984) disclose an IFN-P mutein in which cysteine 
at position 17 is replaced by serine. IFN-P (Ser-17) displays improved stability relative to wild 
type mST-p. Lu et al. (1992) (Ksclose a G-CSF mutein in which cysteine ay position 17 is 
replaced by serine. Kuga et al. (1989), Hanazono et al. (1990) and Okabe et al. (1990) describe 
additional G-CSF muteins with enhanced biological properties. Elliot and Byrne (1995) have 
described mutants of EPO with enhanced biological activities. 

The IgG fiision proteins described herein can be used to treat the same human diseases as 
the non-fiised proteins. For example, the EPO-IgG fiision proteins can be used to treat anemia 
resulting firom kidney failure, chemotherapy and drug complications. The EPO-IgG fiision 
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proteins also can be used to stimulate red blood cell formation in normal individuals who wish to 
enhance their blood volume prior to surgery. The G-CSF-IgG fosion proteins can be used to 
treat neutropenia resultmg from chemotherapy and drug complications, for mobilization of 
progenitor cells for collection in peripheral blood progenitor cell transplants and for treatment of 
severe chronic neutropenia. The GH-IgG fusion protdns can be used to treat short stature and 
cacheaa. The IFN-a-IgG fiision proteans can be used to treat viral diseases and cancer. The 
IFN-p-IgG fusion protein can be used to treat multiple sclerosis, viral diseases and cancer. The 
IgG fusion protems described herein will possess longer circulating half-lives in patients, which 
will allow the fiision protems to be administered less frequently or in eflFective lower doses than 
the non-fused protems. Typically, GH and G-CSF are administered by daily injections and EPO 
is administered by thrice weekly injections. The IgG fiision proteins described herein also will 
be usefiil as diagnostic reagents for identifymg cells e3q)ressing receptors for EPO, G-CSF and 
GH. The IgG fusion protems also will be usefiil as in vitro reagents for studying cell 
proliferation and differentiation. 

Example 1 

Construction of Growth Factor-IgG Gene Fusions. 
A. General Strategy. 

Growth factor (GF)-IgG gene fusions were constructed as described below. The general 
strategy employed for these constructions is outlmed here and the specifics of individual donmg 

steps are detailed below. Cloning of the IgG4-CH coding sequence involved additional 
variations to the general strategy and these variations are described below. The human growth 
factor genes (GH, EPO and G-CSF) were cloned as cDNAs from various RNA sources detailed 
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below. PGR primers used in these clonings added an optimized Kozak sequence (GCCACCC; 
Ko2ak, 1991) and a ffind III restriction site to the 5' end of each these clones and aportion of a 
peptide linker (ser-gly-gly-ser) terminating in a Bam HI restriction site, to the 3' end of each of 
these clones. The growth factor genes were cloned as Hind. JO. - Bam HI fragments into the 
mammalian cell expression vector pCDlSrA3.1(+) (Invitrogen, Inc.) and sequenced. In paraUd, 
IgG coding sequences (IgGl-Fc, IgGl-Cn, IgG4-Fc, IgG4-CH) were cloned from cDNAs 
generated from human leukocyte KNA, PCR forward primers used in these clonings 
incorporated a portion of a peptide Unker (gly-ser-gjy-gly-ser) containing a-Bom HI restriction 
site at the 5' end of each of these clones. The reverse PC3R. primers were designed to anneal to 
the 3' untranslated re^ons of the IgGl and IgG4 mKNAs (about 40 bp downstream of the 
translational stop codon) and mcluded an Xba I restriction site. The IgG coding sequences were 
cloned into pCDNA3.1(+) as Bam HI -Xbal fragments and confirmed by DNA sequencing. The 
fusion genes were then constructed by excising the IgG coding sequences as Bam HI -Xba I 
fragments and cloning these fragments mto the pCDNA::GF recombinant plasmids that had been 
cutwith^omHIandjKaL In the resulting pCDNAS.l constructs the fusion genes are 
transcribed by the strong cytomeglovmis inunediate early promoter present in pCI)NA3.1(+) 
upstream of the cloned fusion gene. Ligation of the two fragments through the Bam Ht site 
within the linker sequence results in a seven amino acid linker (ser-gly-gly-ser-gly-gly-ser) at the 
. fusion junction. 

pCDNA3.1 growth factor Unker IgG pCDNA3.1 

Hindm Bamm Xbal 
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B. Qoning of Growth Factor Genes 

1. Cloning of human Growth Hormone : A cDNA encoding human Growth Hormone (GH) 
was amplified fi-om human pituitary single-stranded cDNA (CLONTECH, Inc., Palo Alto, CA), 
using the polymerase chain reaction (PGR) technique and primers BB87 (5> 
GCAAGCTTGCCACCATGGCTACAGGCTCCCGGACG>3) and BB88 (5> 
CGCGGATCCTCCGGAGAA GCCAC AGCTGCCCTCCAC >3). Primer BB87 anneals to the 
5' end of the coding sequence for the hGH secretion signal, whereas the reverse primer, BB88, 
anneals to the 3' end of the GH codmg sequence. The resulting ~ 680 bp PGR product was 
digested vfUh Hmd m and Bern m, gel purified and cloned into pCDNA3.1(+) vector 
(Ihvitrogen, Inc., Carlsbad, CA) that had been digested vnthHmd m and Bam m, alkaline 
phosphatase treated, and gel purified. A clone with the correct DNA sequence (Martial et al, 
1979; Roskam and Rougeon, 1979; Seeburg. 1982; DeNoto et al., 1981) was designated 
pCDNA3.1(+)::GHfus or pBBT159. 

2. Cloning of human Eiythropoietin . A cDNA encodmg human erythropoietin (EPO) was 

cloned by PGR using forward primer BB45 (5> CCCGGAT 

CCATGGGGGTGCACGAATGTCCTG >3) and reverse primer BB47 (5> 

CCCGAATTCTATGCCCAGGT GGACACACCTG>3). BB45 anneals to the DNA sequence 

encoding the mitiator methionine and amino terminal portion of the EPO signal sequence and 

contams a Bam HI site for cloning purposes. BB47 anneals to the 3' untranslated region of the 

EPO mRNA immediately downstream of the translational stop signal and contains a.n Eco RI 

restriction site for cloning purposes. Total RNA isolated from the human liver cell line Hep3B 

was used in first strand synthesis of smgle-stranded cDNA for PGR. For preparation of total 

cellular RNA, Hep3B cells (available from the American Type Culture Collection, RockwUe, 
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MD) were grown in Delbecco's Modified Eagle's media (DMEM) supplemented with 10% fetal 
bovine serum (FBS). EPO expression was induced by treating the cells for 18 h with 130 jiM 
Deferoxamine or 100 [M cobalt chloride. Both compounds have been shown to induce EPO 
mRNA and protdn expression in Hep 3B cells (Wang and Semenza, 1993). RNA was isolated 
fi-om the cells using an RNeasy Ivfini kit (Qiagen), following the manufecturer's directions. 
Approximately 320 pg of total RNA was isolated from 1.4 xlO"' cells treated with cobalt chloride 
and 270 \xg of total RNA isolated from 1.4 xlO' cells treated with Deferoxamine. 

First strand synthesis of single-stranded cDNA was accomplished using a 1st Strand 
cDNA Synthesis Kit for RT-PCR (AMV) from Boehringer Mannheim Ck)rporation 
(Indianapolis, IN) and random hexamers were used as the primer. Subsequent PGR reactions 
using the products of the first strand syntheses as templates were carried out \wth primers BB45 
and BB47. The e7q)ected ~ 600 bp PGR product was observed when reaction products were run 
out on an agarose get Both RNA preparations yielded an EPO PGR product. The PGR product 
was digested with Bean HI and Eco RI and cloned into vector pUG19 that had been cut with Bam 
m and Eco RI and treated with alkaline phosphatase. DNA sequencing identified a clone 
containing the correct coding sequence for the EPO gene. This plasmid was designated 
pBBT131. 

Plasmid pBBTl 3 Iwas used as template in a PGR reaction with primers BB89 
(5>CGGAAGCTTGGCACGATGGGGGTGG AGGAATGTGGT >3) and BB90 
(5>GGGGGATGGTGGGGATGTGTGGGGTGTGCTGG AGGG >3) to construct a modified EPO 
cDNA suitable for fusion with IgG genes. Primer BB89 anneals to the 5' end of the coding 
sequence for the EPO secretion signal and the reverse primer, BB90, anneals to the 3' end of the 
EPO coding sequence. The resulting ~ 610 bp PGR product was digested with Hind JR and Bam 
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m, gel purified and cloned into pCDNA3.1(+) vector that had been digested vnthHrnd JR and 
Bam m, alkaline phosphatase treated, and gel purified. A clone with the correct DNA sequence 
(Lin et al., 1985) was designated pCDNA3.1(+)::EP0fos or pBBT176. 

Similar procedures can be used to create modified EPO cDNAs m which Argl66 is 
deleted. In this case a primer with the sequence 

(5>CGCGGATCCTCCGGATCTGTCCCCTGTCCTG CAGGC >3) should be used in place of 
primer BB90. 

3. Cloning of human GranulotTte Colony-Stimulating Factor. A cDNA encoding human 

Granulocyte Colony Stimulating Factor (G-CSF) was amplified by PGR fi-om total RNA isolated 
fi:om the human bladder carcinoma cell Hne 5637 (avaUable fi-om the American Type Culture 
CoUection, Rockville, MD). The ceUs were grown m Roswell Park Memorial Institute (RPMI) 
1640 media supplemented with 10% EBS, 50 units/ml penicillin and 50 \igfraL streptomycin. 
RKFA was isolated fi-om the cells using an KNeasy Mud RNA isolation kit purchased from 
Qiagen, Inc. (Santa Clarita, CA) followmg the manufacturer's dkections. Approximately 560 |xg 
of total RNA was isolated from 4.5 xlO^ ceUs. Ffa-st strand synthesis of single-stranded cDNA 
was accomplished using a 1st Strand cDNA Synthesis Kit for RT-PCR (AMV) from Boehringer 
Mannheim Corp (Indianapolis, IN) and random hexamers were used as the primer. Subsequent 
PCR reactions using the products of the first strand synthesis as template were carried out with 
forward primer BB91 (5>CGCAAGCTTGCCACCATGGCTGGACC TGCCACCCAG>3 and 
reverse primer BB92 (5>CGCGGATCCTCCGGAGGGCTGGGCAAGGTGGCGTAG >3). 
Primer BB91 anneals to the 5' end of the co(Kng sequence for the G-CSF secretion signal and the 
reverse primer, BB92, anneals to the 3' end of the G-CSF coding sequence. The resulting ~ 640 
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bp PGR product was digested wWi Hind m and Bean BL, gel purified and cloned into 
pCDNA3. 1(+) vector lhat had been digested with Hind m and Bam "Hi, alkaline phosphatase 
treated, and gel purified. A clone with the correct DNA sequence ( Souza et al., 1986; Nagata et 
al., 1986a,b) was designated pCDNA3.1(+)::G-CSFfus or pBBT165. 

C. Qoning of IgG coding sequences. 

1. Cloning of IgGl-Fc coding sequences. A cDNA encoding IgGl-Fc 0unge-CH2-CED 
domains) was amplified from human leukocyte single-stranded cDNA (CLONTECH, Inc., Palo 
alto, CA) by PCR using primers BBSS (5>CGCGGATCCG 

GTGGCTCAGAGCCCAAATCTTGTGACAAAACT >3) andBB82 (5>CGCTCTAG 
AGGTACGTGCCAAGCA TCCTCG>3). Forward primer BB83 anneals to the 5' end of the 
coding sequence of the hmge domain of IgGl, whereas the reverse primer BB82 anneals to the 
3' untranslated region of IgGl and IgG4 mKNA ~ 45 bp downstream of the translational stop 
codon. The IgGl and IgG4 sequences are identical over the 21 bp segment to which BB82 
anneals. The ~ 790 bp PCR product was digested with 5aw HI and Xba I, gel purified and 
cloned into pCDNA3.1(+) vector that had been digested wUh Bam ffl and -X&a 1, alkalme 
phosphtase treated, and gel purified. Two clones were sequenced but each contained a single 
base pair substitution that resulted in an amino acid substitution mutation. Otherwise the 
sequences matched the published human IgGl genomic DNA sequence CBllison et al., 1982). 
The relative positions of the mutations in the two clones allowed us to use convenient unique 
restriction sites (Sac H in the CH2 domain of IgGl and Bgl E in the pCDNA3.1(+) vector) to 
construct a flill length IgGl-Fc clone in pCDNA3.1(+) \ia. in vitro recombination. The resulting 
clone, which had the correct IgGl-Fc sequence, was designated pCDNA3.1(+)::&sIgGl-Fcor 
pBBT167. 



2. Cloning of IgG4-Fc coding sequences. A cDHA encoding IgG4-Fc Qunge-CH2-CH3 

domains) was amplified from human leukocyte single-stranded cDNA (CLONTECH) by PGR 
using primers BB84 (5>CGCGGATCCGG TGGCTCAGAGTCCAAATATGGTCCCCCATGC 
>3) and BB82 (5>CGCTCTAG AGGTACGTGCCAAGCA TCCTCG>3). Forward primer 
BB84 anneals to the 5' end of the coding sequence of the hinge domain of IgG4. The reverse 
prim^ BB82 is described above. The ~ 790 bp PGR product was digested vnfh Bam HI and Xba 
I and cloned into pCDNA3.1(+) that had been similarly digested. A clone with the correct DNA 
sequence (ElUsonetal., 1981) was designated pCDNA3.1(+)::fusIgG4-Fc orpBBT158. 

3. Cloning of IgGl-Cn coding sequences. A cDNA encoding IgGl-Ga (GHl-hinge-GH2-CH3 

domains) was amplified from human l^ocyte single-stranded cDNA (GLOKTECH) by PGR 

using BB81 (5>GGGGGATGG GGTGGGTCAGCGTGCACCAAGGGCCCAT03) andBB82 

(5>GGGTGTAGAGGTAGGTGGCAAGG ATCCTCG>3). Forward primer BB81 anneals to the 

5' end of the coding sequence of the GHl dom^n of IgGl and IgG4. The sequences at the 5' 

end of the GHl domains of these two exons are ahnost identical: 19/20 nucleotides match. The 

reverse primer, BB82, is described above. The - 1080 bp PGR product was digested with Bam 

HI and Xba 1, gel purified and cloned into pCDNA3.1(+) that had been digested similarly. These 

primers m principle could amplify both IgGl and IgG4 sequences. Since IgGl is much more 

abundant in serum than IgG4 (Roitt et al., 1989) we e?q)ected that most clones would encode 

IgGl. The first two clones sequenced were IgGl but each contained a single base pair 

substitution that resulted in an ammo acid substitution mutation. Otherwise the sequences 

obtamed matched the published human IgGl genomic DNA sequence (Ellison et al., 1982). The 

relative positions of the mutations in the two clones allowed us to use convenient unique 
16 
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restriction sites 04ge I in the CHI domain oflgGl and5s/BI in the pCDNA3.1(+) vector) to 
construct a fiill length IgGl-Cn clone in pCDNA3.1(+) via in vitro lecombmation. A clone with 
the correct IgGl-CH sequence was designated pCDNA3.1(+)::&sIgGl-CH or pBBT166. 

4. Cloning of IgG4-CH coding sequences. The near identity of the DNA sequences encoding 
the 5' ends of the IgGl and IgG4 CHI domams and the relatively low abundance of the IgG4 
mKNA led us to an alternative strategy for cloning the IgG4-CH coding sequences. We used 
PCR-based site directed mutagenesis to change the DNA sequence of the cloned IgGl CHI 
domain to match the ammo acid sequence of the IgG4 CHI domaia The CHI domains differ at 
only 8 of 98 nucleotides and these positions are clustered, so that one round of PGR using two 
mutagenic oligos can convert the IgGl CHI sequence into the IgG4 CHI sequence. A second 
round of PCR added the Bam HI site and Hnker sequence to the 5' end of the IgG4 CHI and 21 
bp of sequence from the IgG4 Hinge domain to the 3' end. The technique of "gene splicing by 
overlap extension" (Horton et al.j 1993) was then employed to recombme tiie engineered IgG4 
CHI domain with the IgG4 Fc (Hmge-CH2-CH3) sequence. In this technique two separate 
fragments sharing a segment of identical sequence, the "overlap", at one end are extended 
through the annealed overlap regions m a PCR reaction as diagrammed below. 

a 

yZt. CHI — |-Hing«>— I 



C' 



.CHI 1— Hinge— I CH2 1 €333 1 



To construct the IgG4 CHI sequence, mutagenic primers BBl 19 (5> TCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGC 

ACAG03) andBB120 (5> TCTCTTGTCCACCtTGGTGTTGCTGGGCTTGTGATC 

TACGTTGC AGGTGT AGGTCTTCGTGCCCAA >3) were used in PGR reactions with 

pBBT166, which carries the cloned IgGl-Cn sequence as described above. Forward pruner 

BB119 anneals to the sequence encoding amino acids 2 through 23 of the CHldomain and 

encodes 4 amino acid substitutions: SMC, K16R, G20E and G21S. Reverse primer BB120 

anneals to the sequence encoding amino acids 76 throu^ 97 of the CHI domdn and encodes 4 

additional amino acid substitutions: Q79K, I82T, N86D and K97R The ~ 290 bp product of this 

PGR reaction was gel purified and used template in a PCR reaction with pruners BB81(see 

above) and BB121(5>TGGGGGACCATATTTG GACTCAACTCTCTTGTCCACCTT >3). 

Reverse primer BB121 anneals to the 3' end of the CHI domam of lgG4, adds ammo acid 98 of 

the CHI domain and 21 bp extending into the Hinge domain of IgG4. The ~ 330 bp product of 

this reaction was gel purified and used as one of the template molecules in the PCR splicing 

reaction. The other template for the splicing reaction was generated by PCR of the cloned IgG4- 

Fc sequence of pBBT158 (described above) with primers BB84 and BB82 which amplify the 

IgG4 Fc domain as described above. The resulting ~ 790 bp product consists of the IgG4 hinge- 

CH2-CH3 sequence. This fragment was gel purified and used as one of the tamplate molecules 

in the PCR splicing reaction. This reaction employed the pruners BB81 and BB82 and generated 

a full-length "spliced" product of - 1075 bp. To minimize the DNA sequencing required to 
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rnnfirm this product, the PGR fragment was digested with Bam HE and Sac n and the ~ 530 bp 
fragment (containing the complete CHI and hinge domains and a portion of the CH2 domain) 
was cloned into pBC-SK+ (Stratagene) for sequencing. The sequence of the Bam m-SacJS. 
fragment was confirmed for one clone which was the designated pBBT182. The Bam HI - Sac 
n fragment of pBBT182 was then used convert the GF-IgG4-Fc clones to fiiU length GF-IgG4- 
Ch clones as detailed below. 

D. Construction of Growth Factor-i^G (GF-IgG) fusions. 

Most (9/12) of the growth fector-IgG gene fusions were generated by excismg the IgG 
coding sequences cloned in pCDNA3. 1(+) as Bam HI - Xba I fragments and cloning these 
fragments into the pCDNA::[GF] recombinant plasmids which had been cut ynHtkBam HI and 
Xba L The fiisions of the three growth fector genes to IgG4-CH were constructed by excising the 
~ 530 bp Bam HI- Sac H fragment of pBBT182 and replacing the ~ 240 bp Bam HI- Sac E 
fragments of the three pCDNA::[GF]-IgG4-Fc clones. The resulting plasmids and the GF-IgG 
fusion proteins they encode are listed in Table 1. 

Example 2 

Expression and Purification of 6F-Ig6 Fusion Proteins 
A. Small Scale Transfection of COS Cells 

Expression and bioactivity of the GF-IgG fiision protans were assessed initially by small- 
scale transfection of COS cells. Endotoxin-free plasmid DNAs were prepared using an "Endo- 
Free Plasmid Purification Kit" (Qiagen, Inc.) according to the vendor protocol and used to 
transfect COS-1 cells (available from the American Type Culture Collection, Rockville, MD). 

The COS-1 cells were Delbecco's Modified Eagle's Media supplemented with 10% FBS, 
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SOunits/ml peniciUin, 50ng/ml streptomycin and 2niM glutamine (growth media). Initial 
transfection experiments were carried out in Costar 6 well tissue culture plates (VWR Scientific) 
using tbe following protocol. Briefly, 2-3 x lO' cells were seeded into each well in 2 ml of 
growth media and allowed to incubate overnight at 37°C and 5% GOz by which time the cells 
had reached 50-60% confluency. For each well, 0.8 pg of plasmid DNA was complexed with 6 
Hl of LipofectAMENE reagent (Gibco BRL, Gaithersburg, MD) in 186 pi of OPTI-MEM I 
Reduced Serum Medium (Gibco BRL, Gaithersburg, MD) for 30-45 minutes at room 
temperature. COS-1 cells were washed one time with 2nil of OPTI-MEM I per well and then 1.8 
ml of OPTI-MH^ I was added to each well The complex mixture was then added to the well 
and left at 37°C, 5% CO2 for approximately 4-5 hours. After the incubation period, the mixture 
was replaced with 2 ml of growth media per well and left overnight at 37°C, 5% CO2. The next 
day the cells were washed twice with 2ml of DMEM (no additives) per weU. FoUowing the 
wash steps, 2 ml of serum-fiee growth media was added to each well and the cells left at SVC, 
5% CO2. Conditioned media containing the GF-IgG-ftision protans were harvested afteir 72 
hours and analyzed by SDS-PAGE and Western blot to confirm expression of the GF-IgG-fiision 
proteins. The parent plasmid, pCDNA 3. 1(+) (Invitrogen) was used as a negative control. 
Transfection efiBciency was estimated to be -15%, using pCMVP (Clontech), which expresses 
E. cott p-galactosidase. Transfected cells expressing P-galactosidase were identified using a P- 
Gal Staining Set (Boehringer Mannheim, Indianapolis, IN). 

Samples of the conditioned media were prepared in SDS-PAGE sample buffer with the 
addition of 1% P-mercaptoethanol (BME) when desirable and electrophoresed on precast 14% 
Tris-glycine polyacrylamide gels (Novex). Western blots using appropriate antisera 
demonstrated expression of all of the GF-IgG fiision proteins (data not shown - see purified 
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proteins below). The GH-IgG fosion protdns were detected uang a polyclonal rabbit anti- 
syntiietic-hGH antiserum Odndly provided by Dr. AJF. Parlow and the National Hormone and 
Pituitary Program). The EPO- and G-CSF-IgG fiision proteins were detected using polyclonal 
antisera purchased from R&D Systems (Minneapolis, MM). Serial dilutions of the conditioned 
media were analyzed in the appropriate in vitro bioassays described later. These assays 
demonstrated significant activity m the conditioned media and encouraged us to perform large- 
scale transfections so that the protdns could be purified for specific activity measurements. 

B. Large Scale Transfection of COS-1 Cells 

Large scale transfections were carried out usmg Coming 100 mm tissue culture dishes or 
Coming T-75 tissue culture flasks (VWR Scientific). For 100 mm dishes, 1.6 x 10^ cells were 
plated m 10 ml of growtii media per dish and mcubated at 37°C, 5% CO2 overnight. For each 
100 mm (fish, 6.7 ng endotoxm-free plasmid DNA was complexed with 50 pi of LipofecAMINE 
reagent m 1.5 ml of OPTI-MEM I for 30-45minutes at room temperature. The COS-1 cells were 
washed one time whh 10 ml OPTI-MEM per dish and then replaced with 6.6 ml of OPTI-MEM 
L Following complex formation, 1.67 ml of the complex was added to each dish and left at 
37'*C, 5% CO2 for 4-5 hours. After the incubation period, the reaction nuxture was replaced whh 
10 ml of serum containing growth media per dish and left at 37°C, 5% CO2 overnight. The next 
day the cells were washed tvwce witii 10 ml of DM^ (no additives) per dish. Following the 
wash steps, 10ml of serum-firee growfli media was added to each dish and mcubated at 37''C, 5% 
CO2. Conditioned media were harvested routinely every three days (on days 3, 6, 9 and 12) and 
fresh semm-free growth media added to the cells. Transfections in T-75 culture flasks were 
identical to the lOOram dish protocol with the following ^ceptions: Cells were plated at 2 x 10« 
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cells per flask and 9.35 fig of endotoxin-free plasmid DNA was complexed with 70 ^1 of 
LipofectAMINE reagent in 2..1nil of OPTl-MEM I for each T-75 flask. Following complex 
formation, 2.3 ml of the complex was added to each flask containmg 7.7 ml of OPTI-MEM I. 
Transfection efBciency was determined to be ~15% using pCMVP and stjuning for 3- 
galactosidase expression as decribed earlier. The 12 plasmids listed in Table 1 were transfected 
into COS-1 cells using the large-scale format to generate protein for purification. The 
conditioned media were clarified by centrifogation and stored at -20°C for later purification. 
Western blots were used to confirm expression of the IgG-fosion protdns. 

C. Purification of 6F-IgG-Fusion Proteins 

Approximately 300 ml of transfected COS-1 cell conditioned media for eadi IgGh-fiision 
protein was pooled and concentrated using an Ultrafiltration cell and either a YM3 or YM30 
DIAFLO Ultrafiltration membrane (Amicon, Beverly, MA). Concentrated pools were then 
loaded onto a 1ml Pharmacia HiTrap recombinant Protein A column previously equilibrated with 
20 mM NaPhosphate pH 7.0. The column was washed with 20 mM NaPhosphate until the A280 
had reached baseline. Bound protdn was eluted with 100 mM NaCitrate pH 3.0 and collected 
into sufficient IM Tris pH 9.0 to achieve a final pH of approximately 7.0. Each fiision protdn 
was purified using a dedicated column to avoid any possibility of cross-contamination. All of 
the IgG fusion proteins chromatographed similarly, jdelding a single peak in the elution step. 
Column fractions ware analyzed using 8-16% precast Tris-glycine SDS-PAGE and fractions 
enriched for the IgG-fusion protein were pooled. Protein concentrations of the pooled fractions 
were determined by Bradford assay (Bio-Rad Laboratories, Richmond, CA) using bovme serum 
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albumin (BS A) as the standard. Recoveries of the various purified GF-IgG fusion proteins are 
given in Table 1 and ranged firom 96 to 376 ng per 300 ml of conditioned media. 

Figure 1 displays SDS gels of the purified proteins under reducing and non-reducmg 
conditions and stained with Coomassie blue. All of the GF-IgG fiision proteins were recovered 
principally as (Ksulfide-linked dimers. The molecular weights of the protems ranged from 115- 
190 kDa kDa under non-reducing conditions and 50-70 kDa under reducing conditions, largely 
consistent with the molecular weights predicted m Table 1. The molecular weights of the EPO- 
IgG fiision proteins were the only ones larger than predicted (see Figure 1), presumably due to 
extensive glycosylation of the EPO domain. Monomeric fiision protdns were presait in all of 
the samples, but were more abundant with the IgG4 fusion proteins (they can be seen in the non- 
reduced gels in Figure 1). The sizes of the major IgG fiision protein bands were different from 
the molecular weights of bovine IgG (see Figure 1), indicating that the protdns purified were not 
contaminating bovine IgGs from serum used in the experiments. The major IgG fiision protein 
bands also reacted with antisera specific for GH, EPO and G-CSF in Western blots of the 
samples. Purity of the IgG fusion proteins was estimated to be at least 90% from Coomassie 
blue staining of the gels. 

All of the GF-IgG^CH fusions contamed a large aggregate that migrated at the top of the 
gel when the samples were analyzed under non-reducing conditions. This aggregate disappeared 
when the samples were analyzed under reducing conditions and the amount of protein at the 
molecular weight of the major GF-IgG-Cn bands seemed to increase proportionately. The 
aggregates also reacted with antisera specific for the various growth factors. These data suggest 
the aggregates are disulfide-lmked multimers of the GF-IgG-Cn fiision proteins. Under reducing 
SDS-PAGE conditions, all of the GF-IgG-Cn fiisions show a diffiise band approximately 20 kDa 
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larger than the main GF-IgG-Cn band. This band reacted with antisera against the growth factors 
and may be related to the aggregates. 



Table 1 Predicted Molecular Weights and Recoveries of GF-IgG Fusion Proteins 









PBBT 171 


GH-IgGl-CH 


58,706 


117,412 




PBBT 172 


GH-IgGl-Fc 


48,693 


97,386 


248 


PBBT183 


GH-IgG4-CH 


58,541 


117,082 


ND' 


PBBT 163 


GH-IgG4-Fc 


48,365 


96,730 


96 


PBBT 173 


G-CSF-IgGl-CH 


55,564 


111,128 


122 


PBBT 174 


G-CSF-IgGl-Fc 


45,551 


91,102 


122 


PBBT 184 


G-CSF-IgG4-CH 


55,399 


110,798 


ND 


PBBT 175 


G-CSF-IgG4-Fc 


45,222 


90,444 


96 


PBBT 179 


EPO-IgGl-Cn 


54,972 


109,944 


133 


PBBT 180 


EPO-IgGl-Fc 


44,960 


89,920 


235 


PBBT 185 


EP0-IgG4-CH 


54,808 


109,616 


ND 


PBBT 181 


EP0-IgG4-Fc 


44,632 


89,264 


257 



^ Does not include molecular weight contributions due to of glycosylation. 
^ Not determined 



Example 3 

Jit Vitro Bioactivities of Purified IgG Fusion Proteins 
A. General Strategy 

Cell proliferation assays were developed to measure m vitro bioactivities of the IgG 
fusion proteins. The assays measure uptake and bioreduction of the tetrazolium salt MTS [3-(4,5- 
dimethylthia2ol-2-yl)-5-3-caiboxyphenyl)-2-(4-sulphenyl)-2H-tetrazolium]. In the presence of 



o o 

an electron coupler such as phenazine methosulfate (PMS), MTS is converted to a formazan 
product that is soluble in tissue culture media and can be measured directly at 490 nm. Cell 
number is Unear with absorbance values up to about 2. For EPO and G-CSF we were able to use 
existing cell lines to develop the bioassays. For GH, we needed to create a cell line that 
proliferates in response to GEL Such a cell line was created by stably transfonmng a murine 
leukemia cell line with a rabbit GH receptor. 

In general, the bioassays were set up by washing the appropriate cells three times with 
media (no additives) and resuspending the cells at a concentration of 0.7-lxl0'/ml in media with 
additives (media used for each cell line is given below). Fifty pi (3.5-5x10^ cells) of the ceU 
suspension was aliquotted po" test well of a flat bottom 96 well tissue culture plate. Serial 
dilutions of the protein samples to be tested were prepared in serum-containing media. Fifty M.1 of 
the diluted protein samples were added to the test wells and the plates incubated at 37°C in a 
humidified 5% CO2 tissue culture mcubator. Protein samples were assayed in triplicate wells. 
After 60-72 h, 20 jil of an MTS/PMS mixture (CeUTiter 96 AQueous One Solution, Promega 
Corporation, Madison, WT) was added to each well and the plates incubate at 37°C in the tissue 
culture mcubator for 1-4 h. Absorbance of the wells was read at 490 nm using a microplate 
reader. Control wells contained media but no cells. Mean absorbance values for the triplicate 
control wells were subtracted from mean values obtained for the test wells. EC50S, the amount of 
protein required for half maximal stimulation, was calculated for each sample and used to 
compare bioactivities of the protems. Non-glycosylated molecular weights were used in the 
molar ratio calculations for consistency. Non-glycosylated molecular weights of 18,936, 18,987 
and 22,129 were assumed for HPO, G-CSF and GH, respectively. Monomer molecular weights 
were used in the calculations for the IgG fusion proteins. Using molecular weights of the 
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monomer fusion proteins estimated from SDS gels (50-70 ld5a) and glycosylated molecular 
weights of 35kDa for EPO and 19.7 kDa for G-CSF (GH is not glycosylated) gave similar 
activity ratios. 

B. Bioactivities of EPO-IgG Fusion Proteins 

The human UT7/epo cdl Ime was obtained from Dr. F. Bunn of Harvard Medical School, 
Boston, MA. This cell line proliferates in response to EPO and is dependent upon EPO for ceU 
survival (Boissel et al., 1993). The ceUs were maintained m Iscove's Modified Delbecco's 
Media (IMDM) supplemented with 10% FBS. 50 units/ml penicillin, 50 jig/ml streptomycm and 
1 unit/ml recombinant human EPO (CHO ceU-expressed; R&D Systems). Bioassays were 
performed in cell maintenance media using the procedures described above. Serial dUutions of 
recombinant CHO cell-expressed human rEPO (R&D Systems) were analyzed m parallel. 

The UT7/epo ceU line shows a strong prolifisrative response to rEPO, as evidenced by a 
dose-dependent increase in cell number and absoibance values. In the absence of rEPO, the 
majority of UT7/epo ceUs die, givmg absorbance values less than 0.1. Commercial CHO cell- 
expressed rEPO had a mean ECso of approxunately 0.6 ng/ml in llie bioassay (Table 2). This 
value agrees with ECso values reported m the R&D Systems specifications (0.05 - 0. 1 unit/ml or 
approximately 0.4-0.8 ng/ml). The EPO-IgGl-Fc and IgG4-Fc fiision protems had identical 
ECSO's of approxunately 1.3 ng/ml in the bioassay (Table 2). On a molar basis, tiie ECsoS of 
CHO-ceU expressed rEPO and theEPO-IgG-Fc fusions were identical (approximately 30 pM; 
Table 2). The EPO-IgGl-Cn fbsion protein had an ECso of 3.1 ng/ml or 60 pM (Table 2), which 
represents an approximate 2-fold reduction in specific activity relative to tiie EPO-IgG-Fc fiision 
proteins and non-fiised rEPO. The EP0-IgG4-CH fosion protein had a mean ECso of 2.05 ng/ml. 
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Table 2. Bioactivities of EPO-IgG Fusion Proteins 









^' - ing/ml 






MEPO (CHO) . . 


0.52. 0.55, 0.60 


0.56 


30 


pBBTlSO 


EPO-IgGl-Fc 


1.1, 1.2, 1.5 


1.27 


28 


pBBTlSl 


EP0-IgG4-Fc 


1.1, 1.2, 1.5 


1.27 


29 


pBBT179 


EPO-IgGl-CH 


2.9, 3.0, 3.5 


3.13 


57 


pBBT185 


EP0-IgG4-CH 


2.0, 2.1 


2.05 


37 



* Data from individual experiments 



C. Bioactivities of G-CSF-IgG Fusion Proteins 

The murine NFS60 ceU line was obtained from Dr. J. Ihle of the University of Tennessee 
Medical School, Memphis Tennessee. This ceU Ime proliferates in response to human or mouse 
G-CSF or IL-3 (Weinstein et al., 1986). The cells were maintained in RPMI 1640 media 
supplemented with 10% FBS, 50 units/ml penicillm, 50 ng/ml streptomycin and 17-170 units/ml 
mouse IL-3 (R&D Systems). Assays were perfonned m cell maintenance media using the 
procedures described above. Serial dilutions of recombinant human G-CSF (K co/i-expressed; 
R&D Systems) were analyzed in parallel. 

The NFS60 cell Ime shows a strong proliferative response to rhG-CSF, as evidenced by a 
dose-dependent increase m cell number and absoibance values. rhG-CSF had a mean EC50 of 18 
pg/ml m the bioassay (Table 3). This value agrees with the EC50 value reported in the R&D 
Systems specifications (10-30 pg/ml). The G-CSF-IgGl-Fc and G.CSF.IgG4-Fc fosion proteins 
had mean ECso's of 34 and 50 pg/ml, respectively, in the bioassay (Table 3). On a molar basis, 
the ECsos of rhG-CSF and the G-CSF-IgGl-Fc fiisions were similar (approximately 0.9 pM; 
Table 3), whereas the EC50 of the G-CSF-IgG4-Fc ftision prbtem was reduced slightly 



(1 .25 pM). The G-CSF-IgGl-CH fosion protein had a mean EC50 of 182 pg/ml or 3.2 pM (Table 
3), which represents an approximate 3-fold reduction in specific activity relative to G-CSF-IgGl- 
Fc fiision protein and non-fosed rhG-CSF. 



Table 3. Bioactivities of G-CSF-IgG Fusion Proteins 



illliii^ 











rhG-CSF 


17, 18, 18 


i/.V 


u.yj 


PBBT174 


G-CSF-IgGl-Fc 


34, 39, 42 


38.3 


0.84 


PBBT175 


G-CSF-IgG4-Fc 


50, 59, 61 


56.7 


1.25 


PBBT173 


G-CSF-IgGl-CH 


160, 190, 195 


182 


3.2 


PBBT184 


G-CSF-IgG4-CH 









^ Data from individual e}q>eriments 
^ Not determined 



D. Bioactivities of GH-IgG Fusion Proteins: 

1. Development of an in vitro bioassay for hGH: We created a cell line that proliferates m 
response to GH by stably transforming a murine leulcemis ceU line, FDC-Pl with a plasmid that 
directs expression of a rabbit GH receptor. We cloned Ihe rabbit GH receptor via RT-PCR from 
polyA+ rabbit Uver RNA (CLONTECH) into pCI>NA3.1(+). The resulting plasmid, termed 
pBBT118, was used to construct a stably tranformed FDC-Pl cell line that expresses the 
receptor. hGH binds human and rabbit GH receptors with sunilar afiOnities (Leung et al, 1987; 
Hammonds et al . 1991; Rowlinson et al., 1995). Rowlinson et al. (1995) described an hGH cell 
proliferation assay that uses the EDC-Pl ceU Une stably tranfected with the rabbit GH receptor. 
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2. Cloning a cDNA Encoding tiie Rabbit GH Receptor: The rabbit GH receptor was cloned by 

PGR using forward primer BBS (5'-CCCCGGATCCGCCACCATGGATCTCTC3G 

CAGCTGCTGTT-3') and reverse primer BB36 (5'- CCCCGTCGACTCTAGAC5CCATTA 

GATACAAAGCTCT TGGG-3'). BBS anneals to the DNA sequence encoding the initiator 

methionine and ammo terminal portion of the receptor. BBS contains an optimized KOZAK 

sequence preceding the mitiator methionine and a Bam HI site for cloning purposes. BB36 

anneals to the 3' untranslated region of the rabbh GH receptor mKNA and contains -XSa I and 

Sal I restriction sites for donmg purposes. Rabbit liver polyCA)"" mRNA (purchased from 

CLONTECH, Inc.) was used as the substrate in first strand synthesis of smgle-stranded cDNA to 

produce template for PGR amplification. First strand synthesis of single-stranded cDNA was 

accompUshed using a 1st Strand cDNA Synthesis Kit for RT-PGR (AMV) from Boehringer 

Mannheim Corp. ParaUel first strand cDNA syntheses were performed usmg random hexamers 

or BB36 as the primer. Subsequent PGR reactions using the products of the first strand 

syntheses as templates were carried out with primers BBS and BBS6. The expected ~ 1.9 kb 

PGR product was observed m PGR reactions using random hexamer-primed or BBS6-primed 

cDNA as template. The random hexamer-primed cDNA was digested with Bam HI and Xba I, 

which generates two fragments (~ 365 bp and ~ 1600 bp) because the rabbit GH receptor gene 

contains an internal Bam HI site. Both fragments were gel-purified. The fijU-length rabbit GH 

receptor cDNA was then cloned in two steps. First the -1600 bp Bam m-Xbal fragment was 

cloned into pGDNAS.l(+) hat had been digested with these same two enzymes. These clones 

were readily obtained at reasonable frequencies and showed no evidence of deletions as 

determined by restriction digests and subsequent sequencing. To complete the rabbit receptor 

cDNA clone, one of the sequenced plasmids containmg the 1600 bp Bam HI - Xba I fragment 

was digested with Bam HI, treated with Galf Alkaline Phosphatase, gel-purified and ligated with 
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the gel purified -365 bp Bam HI fragment that contains the 5' portion of the rabbit GH receptor 
gene. Transformants from this Ugation were picked and analyzed by restriction digestion and 
PCRto confirm the presence of the -365 bp fragment and to determine its orientation relative to 
the distal segment of the rabbit GH receptor gene. The sequence for one full length clone was 
then verified. This plasmid, designated pBBTllS, was used to stably transfect FDC-Pl ceUs. 

3. Selection of Stably Transfected FDC-Pl Cells Expressing the Rabbit GH Receptor: 
Endotoxm-free pBBTl 18 DNA was prepared usmg a Qiagen "Endo-Free Plasmid Purification 
Kit" and used to tranfect EDC-Pl ceUs. The mouse FDC-Pl cell line was purchased from the 

American Type Culture CoUection and routinely propagated in RPMI 1640 media supplemented 
with 10% fetal calf serum, 50 ng/ml penicillin, 50 ng/ml streptomydn, 2 mM glutamine and 17- 

170 Units/ml mouse IL-3 (FDC-Pl media). Mouse IL-3 was purchased from R&D Systems. 

I 

FDC-Pl cells were transfected with plasmid pBBTl 18 usmg DMRIE-C cationized lipid reagent 
purchased from GIBCO, foUowing the manufacturer's recommended directions. The nert day 
transfected cells were transferred to T-75 tissue culture flasks containing 15 ml FDC-Pl media 
supplemented with lL-3 (17U/ml), hGH (5nM) and 10% horee serum rather than fetal calf serum. 
Horse serum was used because of reports that fetal calf serum contains a growth-promoting 
activity for EDC-Pl cells. Three days later the cells were centrifiiged and resuspended in fresh 
FDC-Pl media containing 400 ug^ml G418, 17U/ml 11^3, 5riM hGH, 10% horse serum and 
incubated at 37"C. Media was changed every few days. The ceUs from each transfection were 
split into T-75 tissue culture flasks containing fresh media and either mouse IL-3 (17 U/ml) or 
hGH (5nM). G4i8 resistant cells were obtamed from both the IL-3- and hGH-containing flasks. 
The transformants used m the bioassays originated from flasks contammg hGH. Twelve 
independent cell lines were selected by limiting dilution. Five of the cell lines (GH-R3, -R4, - 
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R5, -R6 and -R9) showed a good proliferative response to hGH. Preliminary experiments 
indicated that the EC50 for hGH was similar for each cell line, atthough the magnitude of the 
growth response varied depending upon the line. The GH-R4 cell line was studied in most detail 
and was used for the assays presented below. The cell lines were routinely propagated in RPMI 
1640 media containing 10% horse serum, 50 units/ml penicillin, 50 jig/ml streptomydn, 2 mM 
glutanrine, 400 ng/ml G418 and 2-5 nM pituitary hGH. 

4. Bioassay results for Fituitaiy hGH and GH-IgG Fusion Proteins: Protein samples were 
assayed as described previously using RPMI media supplemented with 10% horse serum, 50 
units/ml penicillin, 50 ng/ml streptomycin and 400 jig/ml G418. All assays included a human 
pituitary GH standard. Experiments utilizang the parental EDC-Pl cell line were performed in 
the same way except that the assay media did not contain G418 and FBS was substituted for 
horse serum. The parental FDC-Pl cell line shows a strong prolifMative response to mouse IL-3, 
but not to pituitary hGH. In the absence of IL-3, the majority of FDC-Pl cells die, giving 
absorbance values less than 0.2. In contrast, FDC-Plcells transformed with the rabbit growth 
hormone receptor proliferate in response to ptuitary hGH, as ewdenced by a dose-dependent 
increase in cell number and absorbance values. The EC50 fortius effect ranged from 0.75-0.85 
ng/ml pituitary hGH (0.03-0.04 riM) m different experiments, similar to what has been reported 
in the literature (Rowlinson et al., 1995). A significant difference between the parental EDC-Pl 
line and EDC-Pl cells transformed with the rabbit growth hormone receptor is that the latter cells 
survive in the absence of IL-3 or hGH, resulting in higher absorbance values (typically 0.6 - 1.1, 
depending upon the assay and length of incubation with MTS) in the zero growth factor control 
wells. The initial pool of rabbit growth hormone receptor transformants and all five independent 
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growth hormone receptor cell lines isolated showed the same effect. A sunilar result was 
obtained -mth a second set of independently isolated rabbit growth hormone receptor 
transfectants. Rowlinson at al. (1995) observed a similar efifect, suggesting that E.-3/GH- 
independent survival is a consequence of the transformation procedure. Although the growth 
hormone receptor ceU lines did not recpiire IL-3 or hGH for growth, they stUl showed a robust 
proliferative response to IL-3 and hGH. The practical effect of the higher absorbance values m 
the absence of hGH is to decrease the "wmdow" of the hGH response (the difference between 
the maximum and mmimum absoibance values). This window consistently ranged from 30 - 
100% of the zero growth fector values, sraiilar to what was reported by Rowlinson et aL (1995). 

All of the GH-IgG fusion proteins were active in the bioassay, but displayed reduced 
specific activities, compared to pituitary hGH (Table 4). The GH-IgGl-Fc fiision protein was the 
most active, possessing an EC50 of 7-8 ng/ml (-0.16 riM). The GH-IgG4-Fc fiision protein was 
about two-fold less active than the IgGl fusion protein, with a mean EC50 of 17 ng/ml (0.35 riM). 
The GH-IgGl-Cn fiision protein had the lowest activity, with anECjo of 35.ng/inl (0.6nM). On 
a molar basis, bioactivities of the fiision protdns were reduced 4-fold (GH-IgGl-Fc), 10-fold 
(GH-IgG4-Fc) and 17-fold (GH-IgGl-Cn) relative to pituitary hGH. 
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Table 4. Bioacthities of GH-lgG Fusipn Frotdns 













Pituitary hGH 


0.75, 0.75, 0.85, 0.85 


0.8 


0.036 


PBBT172 


GH-IgGl-Fc 


6.5, 7.0, 7.8, 9 


7.6 


0.160 


PBBT163 


GH-IgG4-Fc 


15, 16, 18, 18 


17 


0.350 


PBBT171 


GH-IgGl-Cn 


28, 32, 40, 40 


35 


0.600 


PBBT183 


GH-IgG4-CH 









^ Data from individual experiments 
'Notdetennined 



Example 4 

Eliminate or Minimize the Linker in the GF-IgG Fusion Proteins. 

GF-IgG fusion proteins in which the 7 amino acid linker [ser-gly-gly-ser-gly-gjy-ser] 
that fuses the GF to the IgG doman is eliminated or reduced to 2 to 4 anuno acids can be 
constructed as described below. Similar methods can be used to create linkers shorter than 7 
amino acids, to create linkers longer than 7 amino acids and to create linkers containing other 
amino acid sequences. The experiments described below use IgGl-Fc and EPO and G-CSF as 
examples, however, similar procedures can be used for other GF or IgG domains, and domains 
for other IgG subtypes and domains &om IgM, IgA,IgD and IgE anlibocUes. The modified 
fusion proteins can be expressed, purified and their specific activities determined in in viOro 
bioassays as described in Examples 2 and 3. 

GF-IgG fusions without a Imker can be weated using PGR based "gene splicing by 
overlap extension" as described in Example 1 (Horton et al., 1993). One can generate PGR 
products consisting of the IgGl-Fc cocKng sequence with a short 5' extension, consisting of the 
3' terminal ~ 15 bp of coding sequence of EPO or G-CSF fiised directiy to the hinge coding 
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sequence. At the same time one can generate PGR products consisting of the EPO or G-CSF 
coding sequences with a short 3' extension consisting of the first 15 bp of the hinge coding 
sequence fused directly to the EPO or G-CSF coding sequence. The growth factor fragments and 
the IgGl-Fc fragments can then be spliced together via PGR "Sewing" (Horton et al., 1993) to 
generate direct fiisions. Tliese PGR products can be digested with appropriate restriction 
enzymes to' generate relatively small DNA segments that span the fiision point and which can be 
readily cloned into similarly cut vectors pCDN3.1(+)::EP0-IgGl-Fc and pCaDNA3.1(+)::G-CSF- 
IgGl-Fc for sequence confirmation and COS cell expression. Cloning these smaller DNA 
fragments will minunize the sequencing that will need to be done to confirm the sequences of the 
direct fusions. . 

To construct a di-peptide [ser-gly] linJcer, one can PGR the IgGl-Fc sequence with a 5' 
oligonucleotide that adds the 5* Krtension GGGTCGGGA to the hmge cofing sequence. The 
TCGGGA hexanudeotide is a cleavage site for the restriction endonuclease Bsp EI and encodes 
amino acids ser-gly. This PGR fragment can be digested withjB;?; EI and Sac n and the ~ 240 
bp fragment cloned into similarly cut pGDM3.1(+):£P0-IgGl-Fc and pGDNA3.1(+)::G-CSF- 
IgGl-Fc. The unique Bsp EI site in each of these plasmids occurs at the first ser-gly in the linker 
[ser-gly-gly-ser-gly-gly-ser] so that the resulting recombinants will contain this 2 amino acid, 
ser-gly, linker. The sequence of the newly inserted ~ 250 bp B;^ EI - Sac JL fragment should be 
verified. 

A similar procedure can be used to construct the 4 amino acid [ser-gly-gly-ser] linker. 

One can PGR the IgGl-Fc sequence with a 5' oligonucleotide that adds the 5' extension 

GGGGGATGG to the hinge coding sequence. The GGATGG haanucleotide is a cleavage site 

for the restriction endonuclease Bam HI and encodes amino acids gly-ser. This PGR fragment 

can be digested with Bam HI and Sac VL and the ~ 240 bp fragment cloned into sunilarly cut 
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pCDN3.1(+):£P0-IgGl-Fc and pCDNA3.1(+)::G-CSF-IgGl-Fc. The unique 5ai» ffl site in 
each of these plasmids occurs at the first gly-ser m the linker [ser-gly-gly-ser-gly-gly-ser] so 1 
recombinants wiU contain the 4 ammo acid (ser-gly-gly-ser) linker. The sequence of the inser 
~ 250 bp 5fl»i HI - &c n piece should be verified. 



Examples 

Methods to Improve Bioactivities of IgG-CH Fusion Proteins 
All of the IgG-CH fusion proteins appeared to aggregate during purification and the 
specific activities of the fused growth fectors were reduced ~ 2-3-fold as compared 1o the 
analogous IgG-Fc fijsions. Aggregation may be due to hydrophobic interactions involving the 
CHI domain that normally interfaces with the Ught cham. Coexpression of IgG Ught chains with 
the GF-IgG-Cn fusions should prevent aggregation. We describe three ways to coexpress IgG 
light and heavy chains below. The experiments described below use IgG-Fc, IgG-CH, EPO and 
G-CSF as examples, however, similar procedures can be used for other GF or IgG domains, and 
domains for other IgG subtypes and domains from IgM, IgA,IgD and IgE antibodies. The DNA 
sequences of human kappa and lambda Ught chains are known (Heiter et al., 1980). cDNA 
sequences encoding the human kappa and / or lambda light chain constant (CL) regions can be 
obtained by PGR amplification from the human leukocyte smgle-stranded cDNA (Clontech) or 
human genomic DNA (Clontech). The DNA sequences of the cloned CL domains should be 
confirmed prior to use in the experiments described below. The modified fiision protems can be 
expressed, purified and thdr specific activities determined in in vitro bioassays as described in 
Examples 2 and 3. 
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1. Co-expression of the light chain constant region. AKozak sequence (Kozak, 1991) and a 
secretion signal can be added to the 5' end of the light cham constant region to enhance 
translational initiation and direct the secretion of the light chain constant regioa A translational 
stop codon should be added to the 3' end of the sequence. Appropriate clomng sites can be added 
to the 5' and 3' ends to allow donmg mto the mammalian cell expression vector pREP4 
(Invitrogen) under control of the RSV promoter and preceding the SV40 derived polyA addition 
site. This construct can be used to cotransfect COS ceUs along with pCDNA3.1(+) derivatives 
that express, for example. EPO-IgG-Cn and G-CSF-IgG-Ca. Alternatively, both light and heavy 
chains can be expressed fiom a single plasmid construct. In this case, the Ught chain sequence 
and the flankmg promoter and polyA sites from pREP4 should be excised with appropriate 
restriction enzymes and cloned into pCDNA3.1(+). The EPO-IgG-CH and G^SF-IgG-Ca coding 
sequences could then cloned into the pCDNA3.1(+) polylinker under control of the CMV 
promoter. 

2. Co-expression of a GF-light chain constant region fusion proteins. An alternative mode 
of Ught Cham expression would be to modify the 5' end to add a portion of a flexible peptide 
linker sequence fiised to the amino-temunus of the CL coding sequence and add a translational 
stop codon to the 3' end of tiie sequence. Appropriate clonmg sites can be added as well to the 5' 
and 3' ends to allow cloning as an m frame fiision to the EPO and G-CSF genes cloned in tiie 
plasmids pCDNA3.1(+)::EP0fos and pCDNA3.1(+)::G-CSF&s. This plasmid can be 
cotransfected into COS cells with plasmids that express, for example, EPO-IgGl-Cn and G-CSF- 
IgGl-CiL In this mstance botii heavy and light chains wiU contain growth fector fiisions. The 
light and heavy chains also could be expressed from a single pCDNA3;l (+) construct as 
described above. 
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3. Light chain-heavy chain fusions. A third mode of "co-expression" would be to modify the 
5' and 3' ends of the CX coding sequence to incorporate portions of a flexible peptide linker at 
both ends. By also incorporating appropriate cloning sites (B^ EI and Bam HI) such a construct 
can be inserted into the Bsp EI and Bam HI sites -within the flexible peptide linkers of the EPO- 
IgG-CH and G-CSF-IgG-Cn fusions in pa)NA3.1(+). The resulting constructs would encode, 
for example, single polypeptide [EPO]-[CL]-[IgG-CH] and [G-CSF].[CL]-[IgG-CH] fUsions. The 
fusion of ti»e carboxy-terminus of the Ught chain constant region to tire amino-terminus of the 
heavy chain CHI domain would be analogous to single chain Fv polypeptides. Flexible peptide 
linkers of the (ser-gly-gly) motif on tiie order 14 to 20 residues in length have been used to fiise 
the carboxy-terminus of the light cham variable region to tiie amino-terminus of the heavy chain 
variable domain (Stewart et al.. 1995) and could be used to join tiie CL domain to tiie IgG-Cn 
domain. 

Example 6 

GF-IgG Fusion Proteins with Reduced Complement Binding 
and Fc Receptor Binding Properties 

Certain GF-IgGl fusion proteins may be toxic or lack efiScacy m the anunal models due 
to activation of complement or immune processes related to Fc receptor bmding. For tiiis reason, 
GF-IgG4 fusion proteins may be preferred because IgG4 is less efficient at complement 
activation and Fc receptor binding than is IgGl (Roit et al.. 1989). The EPO- and G-CSF-IgG4- 
Fc fusion proteins are as potent or nearly as potent as tiie IgGl-Fc fusion proteins in in vitro 
bioasays. Alternatively, one can perform in vitro mutagenesis experiments, as detailed below, to 

change specific amino acids in tiie IgG domains known to be responsible for complement 
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activation and Fc receptor binding. The modified flision proteins can be expressed, purified and 
their specific activities determined m in vitro bioassays as described m Examples 2 and 3. 

A. Complement Binding. Amino acids in IgGs that play a role in complement activation have 
been localized to the IgG CB2 domain. Specifically, amino acids Glu3 18, Lys320, Lys322, 
Ala330 and Pro33 1 m human IgGl have been implicated as contributing to complement 
activation (Isaacs et al., 1998). Substitution of Glu3 18, Lys320 and Lys322 in IgGl with alanine 
residues results in IgG proteins possessing reduced ability to activate complement 
(Isaacs et al., 1998). The ammo acid sequence of IgG4 is identical to IgGl in this region, yet 
IgG4 does not activate complement. As an alternative to using IgG4, one can change Glu3 18, 
Lys320 and Lys 322 (alone or m combmation) of IgGs tiiat have tiiese residues to alanine 
residues or other amino acids that reduce complement activiation using the PCR-based 
mutagenesis strategies described in Example 1. 

B. Fc Receptor Binding. Human IgG subclasses diflfei: m then- ability to bind Fc receptors and 

stimulate antibody-dependent cell-mediated cytotoxity (ADCC). IgGl, IgGB and IgG4 are best 

at stimulating ADCC, whereas IgG2 has significantly reduced ability to stimulate ADCC (Roit et 

al., 1989). ADCC occurs through a mechanism that involves binding of the antibody to Fc 

receptors on unmune ceUs. Amino adds responsible for Fc receptor have been localized to the 

CH2 domain of tiie IgG molecule. Specifically, amino acids 233-235 have been implicated m Fc 

receptor binding. Human IgGl has the amino acid sequence GluLeuLeu in this region, whereas 

IgG2, which does not bind Fc receptors, has the sequence ProAlaVal. IgG4. has the sequence 

GluPheLeu in this region and is 10-fold less efficient at binding Fc receptors tiian IgGl. 

Substitution of the IgG2 sequence ProAlaVal for GluLeuLeu at positions 233-235 m IgGlor 
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IgG4 results in IgGl and IgG4 antibodies with significantly reduced capacity for Fc receptor 
binding and ADCC (Isaacs et al., 1998). One can introduce these amino add changes into the 
GF-IgG fusion protein constructs usang the PCR-based mutagenesis strategy described in 
Example 1 . Alternatively one can construct modified GF-IgG fiision proteins m which 
glycosylation of asparagine 297 in the IgGl CH2 domain (or the equivalent asparagme residue in 
the other IgG subclasses) is prevented. Aglycosylated IgGl antibodies display significantly 
reduced binding to Fc receptors and ability to lyse target cells as compared to glycosylated 
IgGlantibodie^ (Isaacs et al., 1998). One can construct aglycosylated versions of the GF-IgG 
fusion prolans by changing ■asparagme-297 to glutanune or another ammo acid, or by changing 
tiireomne-299, which is part of the glycosylation recognition sequence (N-X-S/T), to alanine or 
to an amino acid otiier tiian serine. The amino acid m the X position of the glycosylation 
recognition sequence, i.e, amino acid 298, also could be changed to proline to prevent 
glycosylation of asparagjne 297 in the IgG CH2 domain. 

Example 7 

Pharmacokinetic Experiments with GF-IgG Fusion Proteins 

Pharmacokinetic experiments can be performed to demonstrate that the GF-IgG fiision 
proteins have longer circulating half-lives than tiie correspondmg non-fused proteins. Both 
intravenous and subcutaneous pharmacokinetic data can be obtained. Terminal pharmacokinetic 
parameters can be calculated fi-om the intravenous delivery data. 

For the intravenous delivery studies, rats (~350g) should receive an mtravenous bolus 

injection (0.1 mg/kg) of tiie IgGl-Fc fiision protein (EPO or G-CSF) or the corresponding non- 

fiised protein (EPO or G-CSF) and circulating levds of the proteins measured over the course of 

144 h. Three rats should be used for each protem sample. Blood samples should be drawn at 0, 
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0.08, 0.5, 1.5, 4, 8, 12, 24, 48, 72, 96, 120, and 144 following intravenous administration. 
Serum levels of the test proteins can be quantitated using commercially available EPO and G- 
CSF ELISA kits (R & D Systems). Serial dilutions of each blood sample can be analyzed 
initially in tiie in vitro bioassays to identify dilutions that will fell within the linear range of the 
ELISAs. (0,025 to 1.6 ng/ml for EPO and 0.04 to 2.5 ng/ml for G-CSF). Titration experiments 
should be performed to determine the relative sentativities of the ELISAs for detecting the IgGl- 
Fc fusion proteins and the corresponding non-fused proteins. This experiment will require 105 
|ig of each protdn. 

The subcutaneous delivery studies should follow the same protocol as the intravenous 
studies except for the route of delivery. Serum levds of the test protems can be quantitated by 
ELISA as described above. This experiment will require 105 ng of each protem. 

Example 8 
Animal Efficacy Models 
In VIVO efficacy of the EPO-IgGl-Fc and G-CSF-IgGl-Fc fiision proteins can be 
demonstrated in normal rats and mice. These studies should use a variety of doses and dosing 
schedules to identify the proper doses and dosmg schedules. Efficacy of the GF-IgG fusion 
protems also can be demonstrated in appropriate disease naodels - anemia for EPO-IgGl-Fc and 
neutropenia for G-CSF-IgGl-Fc. The pharmacokmetic experiments will provide guidance in 
deciding dosmg schedules for the IgGl fusion proteins to be used for the animal studies. From 
published results with other IgG-Fc fusion protems (Richter et al., 1999; Zeng et al., 1995) the 
GF-IgG fiision protems should be effective when administered every other day or every third day 
and possibly less often, e.g. a single injection. The dosing schedules may have to be modified 
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depending upon the results of the pharmacokinetic studies and initial animal efficacy results. 
The dose of protein administered per injection to the rodents also may have to be modified based 
upon the results of the pharmacokinetic ejq)eriments and initial animal efficacy results 

A. EPO Animal Efiicai^ Models 

In vivo efficacy of the EPO-IgGl-Fc fusion protein (and other EPO-IgG fusion proteins) 

can be determined in normal rodents. WUd type EPO is known to stimulate increases in 

hematocrit and erythropoiesis in normal rats or mice. The expwiments described below uses 

rats. Sprague-Dawley rats (~200g) can be purchased from a commercial supplier such as Charles 

River (Wilmington, MA). Previous studies have shown that administration of 100 lU/kg 

(approximately 800 ng/kg) of rEPO once per day (160 ng SID / 200 g rat) by subcutaneous 

injection gives a significant increase in hematocrit and erythropoiesis in rodents (Matsumoto et 

al., 1990; Vaziri et al., 1994; Baldwin et al., 1998; Sykowski et al., 1998). Groups of 5 rats 

should receive subcutaneous injections of rEPO. EPO-IgGl-Fc or placebo (vehicle solution) at 

specified intervals for up to five days. A dose equivalent to a molar ratio of EPO (400 ng/200g 

rat of the EPO-IgG fusion protem) should be tested. Higher or lower doses also should be tested. 

A wide range of EPO-IgGl-Fc doses (over 500-fold variation) should be tested in these initial 

experiments to increase the likelihood that one of the doses wiU be efifective. It is possible that 

admmistration.of too much EPO-IgGl-Fc will impede erythropoiesis due to toxicity. Control rats 

should receive vehicle solution only. Additional control groups should receive rEPO (160 

ng/SID for 5 days) and 160 ng rEPO using the same dosmg regimen as EPO-IgGl-Fc. On day 6 

the animals should be sacrificed and blood samples coUected for hematocrit and complete blood 

cell count (CBC) analysis. Hematopoietic tissues (Uver and spleen) should be coUected, weighed 

and fixed in formalin for histopathologic analyses to look for evidence of increased 
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erythropoiesis. Bone marrow should be removed from various long bones and the sternum for 
unit particle preps and histopathologic analysis to look for evidence of increased erythropoiesis. 
Comparisons between groups can be made using a Students T test for single comparisons and 
one-way analysis of variance for multiple comparisons. P< 0.05 should be considered 
' significant. 

Daily injections of rEPO should stimulate increases in hematociit and erythropoiesis m 
the rats, whereas less frequent administration of the same dose of rEPO should not, or do so to a 
lesser extent. Dose-dependent increases m these parameters should be observed in the EPO-IgG- 
Fc-treated animals. Greater mcreases in these parameters may be observed in the EPO-IgGl-Fo- 
treated animals than in animals treated with EPO using the less frequent dosing schedules. 
Significantly less EPO-IgGl-Fc may be required to achieve the same mcreases m these 
parameters obtained with daily injections of EPO. 

Additional experiments with less frequent dosing, e.g., a smgle mjection, could be 
performed. 

1. EPO Experiment 1 - Nonnal Rats - Eveiy Other Day Dosing: Rats should receive 
injections every other day (BOD), i.e. on days 1, 3 and 5, for a total of three injections. 
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EPO (160 ng SID) 
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6 


EPO-IgGl-Fc (16ngEOD) 


5 


0.24 |ig 


7 


EPO-IgGl-Fc (SOngEOD) 


5 


1.2 Jig 


8 


EPO-IgGl-Fc (400 Dg EOD) 


5 


6.0 |Xg 



2. EPO Experiment 2 - Normal Rats - Eveiy Third Day Dosing: Rats should receive 
injections every third day (ETD), i.e., on days 1 and 4, for a total of two injections. 
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3. EFO Experiment 3 - Rat Anemia Model 

Cisplatin-induced anemia is a well-characterized rodent model of chemotherapy-induced 
anemia and has direct relevance to the human clinieal setting. rEPO reverses the anemia in this 
model when administered at daily doses of 100 Units/kg (Matsumoto et aL, 1990; Vaziri et al., 
1994; Baldwin et aL, 1998). EPO-IgG-Fc should be effective at reversing anemia in this model. 
The dosing schedule for EPO-IgG-Fc to be used in this experiment culd be the one that worked 
best in the normal rat experiments. The experimental protocol outlined below assumes EPO- 
IgG-Fc is effective when administered ETD, but this can be altered based upon results of 
experiments with normal rats. Sprague-Dawley rats (~200g) should be treated on day 0 with an 
intraperitoneal injection of Cisplatin (3.5mg/kg) to induce anemia and randomized to various 
treatment groups. The dosing schedule and amounts of protein injected per rat should be as 
described for the ETD normal rat experiments described above. Rats should receive injections of 
EPO-IgG-Fc, rEPO or salme on days 1, 4 and 7, for a total of three injections. One control group 
of rats should receive daUy subcutaneous injections of rEPO (100 Units/kg). Another control 
group should not receive the initial Cisplatin injection but should receive ETD injections of 
saline. On day 9 the rats should be sacrificed and blood and tissue samples obtained for 
comprehensive CBC and histopathology analyses. 
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B. G-CSF Animal Efficacy Models 

The G-CSF-IgGl-Fc e?q)eriments can be modeled after the EPO experiments described 
above. Mice or rats can be used for these experiments. The experiments described below uses 
mice. One can extrapolate pharmacokinetic data from the rat to the mouse because protein 
clearance is proportional to body weight (Mahmood, 1998). One can demonstrate efficacy of G- 
CSF-IgGl-Fc in normal animals usmg EOD or ETD dosing schedules. G-CSF has been shown to 
stimulate neutrophil levels in normal and neutropenic rodents at a dose of 100 [ig/kg 
(Kubota et al., 1990; Kang et al., 1995), which is the standard dose that should be used for the 
experiments. Effectiveness of G-CSF-IgGl-Fc in a mouse neutropenia model can be 
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demonstrated using the optimuin dosing schedule detenmned in the nonnal mouse e:q)eriments. 

Frotdn amounts required assume 20g mice are used. 

Groups of 5 mice should receive subcutaneous injections of rG-CSF, G-CSF-IgGl-Fc or 

placebo (vehicle solution) at specified intervals for up to five days. One of the doses of G-CSF- 

IgGl-Fc should be a molar equivalent of rG-CSF. A wide range of G-CSF-IgGl-Fc doses (500- 

-fold variation) should be used for these initial experiments to increase the likelihood that one of 

the doses will be effective. It is possible that administration of too much G-CSF-IgGl-Fc will 

impede granulopoiesis due to toxicity. Control rats should receive vehicle solution only. 

Additional control groups should receive rG-CSF (2 |ig/Slb for 5 days) and 2]ig rG-CSF using 

the same dosing regimen as G-CSF-IgGl-Fc. On day 6 the animals should be sacrificed and 

blood samples collected for CBC analysis. Hematopoietic tissues (liver and spleen) should be 

collected, weighed and fixed in formalin for histopathologic analyses to look for evidence of 

increased granulopoiesis. Bone marrow should be removed fi^om various long bones and the 

sternum for unit particle preps and histopatholo^c analysis to look for evidence of increased 

granulopoiesis. Comparisons between groups should be made using a Students T test &>t single 

comparisons and one-way analysis of variance for multiple comparisons. P< 0.05 should be 

considered significant. 

Daily injections of rG-CSF should stimulate increases in circulating neutrophils and 

granulopoieis in the mice, whereas less frequent administration of the same dose of rG-CSF 

should not, or should do so to a lesser extent. Dose-dependent increases in these parameters 

should be observed m the G-CSF-IgGl-Fc-treated animals. Greater increases in these parameters 

may be observed in the G-CSF-IgGl-Fc-treated animals than m animals treated with rG-CSF 

using the less fi-eqiient dosing schedules. Significantly less G-CSF-IgGl-Fc may giye the same 

increases in these parameters obtained with daily injections of rG-CSF. 
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1. G-CSF Experiment 1 - Normal Mice: Mice (~20g) should receive injections every other 
day (EOD), i.e. on days 1, 3 and 5, for a total of three injections. On day 6 the animals should be 
sacrificed and analyzed. 
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2. G-CSF Experiment 2 - Normal Mice - Eveiy Third Day Iiqection: Mice (~20g) should 
receive injections every thiid day (ETD), Le., on daysl and 4, fix a total of two injections. 
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Additional experiments whh even less fi^quent dosing, e.g., a single injection, can be 
performed. 



3. G-CSF Experiment 3 -Neutropenic Mice: Efficacy of G-CSF-IgGl-Fc also can be 

demonstrated in neutropenic animals. Neutropenia can be induced by treatment with 
cyclophosphamide (CPA; 100 mg/kg), which is a commonly used chemotherapeutic agent that is 
myelosuppressive and relevant to the human clmical setting. G-CSF accelerates recovery of 
normal neutrophil levels in cydophosphamide-treated animals (Kubota et al., 1990; Kang et al., 
1995). Mice (~20g) should receive an intraperitoneal injection of cyclophosphamide on day 0 to 
48 



"induce neutropenia. The animals should be divided into different groups, which wiU receive 
subcutaneous injections of G-CSF, G-CSF-IgGl-Fc or placebo. One control group should not 
receive cyclophosphamide but should receive placebo injections. The experiment described 
below assumes G-CSF-IgGl-Fc wUl be effective when administered ETD and that this is the 
dosing schedule that wiU be used for this experiment. The exact dosmg schedule to be used wiU 
be detemimed by the results of the pharmacokinetic experiments and normal mouse efficacy 
studies described above. Mice should receive injections of test substances every third day (ETD), 
i.e., on days 1 and 4 for a total of two injections. On day six the animals should be sacrificed and 
blood and tissue samples analyzed as described above. 



1 




Vehicle solution (ETD) 


5 


0 


2 


+ 


Vehicle solution (ETD) 


5 


0 


3 


+ 


G-CSF ( 2M.gSID) 


5 


50 ng 


4 


+ 


G-CSF (2 ng ETD) 


5 


20 ng 


5 


+ 


G-CSF-IgGl-Fc (0.008 Mg ETD) 


5 


0.08 ^g 


6 


+ 


G-CSF-IgGl-Fc (0.04 ngETD) 


5 


0.4 ng 


7 


+ 


G-CSF-IgGl-Fc (0.2 Jig ETD) 


5 


2ug 


8 


+ 


G-CSF-IgGl-Fc (1 ngETD) 


5 


10 ng 


9 


+ 


G-CSF-IgGl-Fc (SpgETD) 
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Example 9 

Separating IgG Fusion Protein Monomers from Dimers 

The final purification scheme for the GF-IgG fiision proteins could include additional 
column chromatography steps m addition to affinity chromatography to remove protein 
contaminants. For use as human therapeutics it wfll be preferable to obtain preparations of GF- 
IgG monomers substantially fi-ee from GF-IgG dimers, and preparations of GF-IgG dimers 
substantially fi-eefi-om GF-IgG monomers. GF-IgG duners can be separated firom CT-IgG 
monomers using a variety of column chromatography procedures known to tiiose witii skill in tiie 
art. Examples of such procedures mdude ion-racchange, size exclusion, hydrophobic interaction, 
reversed phase, metal chelation, affinity columns, lectin affinity, hydroxy apatite and 
immobilized dye afiBnity chromatography. Otiier useful separation procedures known to tiiose 
skilled in the art include salt precipitation, solvent precipitation/extraction and polyefliylene 
glycol precipitation. Endotoxin levels in the purified protems should be tested using 
commercially available kits to ensure that they are not pyrogenic. 

Example 10 

The procedures described in the preceding examples can, witii minor modifications, be 
used to created IgG fusions with other proteins. Examples of other IgG fiision proteins that 
would find tiierapeutic uses in humans mclude IgG fiisions of interferons alpha, beta and gamma, 
DL-l 1 , TPO and GM-CSF. DNAs encoding these protems can be cloned as described below and 
fused to the various IgG domains described m Example 1. The recombinant fiision proteins can 
be expressed and purified as described in Example 2. The purified fiision proteins can be tested 
in appropriate in vitro bioassays to determine tiieir specific activities. DNA sequences, encoded 

amino acids and appropriate m vitro and in vivo bioassays for these proteins are weU known in 

50 ■• ■ ■ 



C) o 

the art and are described in Aggarwal and Gutterman (1992; 1996), Aggarwal (1998), and 
SUvennoimem and Ihle (1996). Bioassays for these proteins also are provided in catalogues of 
commerdalsuppUers of these proteins such as R&D Systems. Inc, Endogen. Inc., and Gibco 
BRL. 

LCIoning human alpha interferon. Alpha interferon is produced by leukocytes and has 
antiviral, anti-tumor and immunomodulatory effects. There are at least 20 distmct alpha 
interferon genes that encode proteins that share 70% or greater ammo add identity. Ammo acid 
sequences of the known alpha interferon species is given in Blatt et al., 1996). A "consensus" 
interferon that mcorporates the most common amintf acids mto a single polypeptide chain has 
been described (Blatt et al, 1996). A hybrid alpha mterferon protein may be produced by 
splicing different parts of alpha interferon proteins into a smgle protein (Horisberger and Di 
Marco, 1995). The following example describes construction of an alpha 2 interferon IgG fusion 
protem. Similar procedures can be used to create IgG fiisions of other alpha mterferon proteins. 

DNA encoding human alpha interferon (IFN-a2) was amplified by PGR from human 
genomic DNA ((XOlSriECH). PGR reactions were carried out with BB93 
(5>CGCGAATTCGGATATGTAAATAGATACACAGTG>3) and BB94 
(5>CGCAAGCTTAAAAGAtTTAAATCGTGTCATGGT>3) BB93 anneals to genomic 
sequences -300 bp upstream (i.e. 5' to) of the IFN-aIpha2 coding sequence and contains aa Eco 
RI site for cloning purposes. BB94 anneals to genomic sequences -100 bp downstream (i.e. 3' 
to) of the IFN-alpha2 coding sequence and contams a Hmd JB. site for cloning puq)oses. The 
PGR reaction employed IX PGR reaction buffer (Promega Gorp., Madison WI), 1.5 mM MgGlz, 
0.2 nM dNTPs, 0.2 \M of each oligonucleotide primer, 0.33 \ig of genomic DNA and 0.4 units 
of Taq polymerase (Promega) in a 33nl reaction. The reaction consisted of 96°G for 3 minutes 
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followed by 35 cydes of: [95°C for 60 sec., 58°C for 75 sec, 72°C for 90 sec.] followed by 
chiUing the sample to eX. Reactions were carried out in a *'Robocyclei^ thermal cycler 
(Stratagene Inc. , San Diego, CA). The resulting ~ 1 Kb PGR product was digested with Eco RI 
and Hind JE and cloned into similarly digested, and alkaline phosphatased, pCDNA3.1(+) 
(favitrogen, San Diego, CA). A clone having the correct DNA sequence for IFN-a2 (Henco et 
al, 1985) was identified and designated pBBT160. 

Ill orderto construct and express gene fusions of IFN-a2 with IgG coding sequences the 
IFN-a2 gene was modified at the 5' and 3' ends using PGR based mutagenesis. PBBT160 
plasraid DNA was used as template for PGR with primers BB108 and BB109. PGR reactions 
were canied out \wth forward primer BB108 (5' ; 

CGCAAGCTTGGCAGCATGGCGTTGACGTTT GCTTTA-3') and reverse primer BB109 (5'- 
CGCGGATGGTCCGGATTGGTTAGTT GTTAAAGTTTG-3'). Primer BB108 anneals to the 
5 ' end of the coding sequence for the iFN-a2 s^retibn signal and the reverse primer, BB 1 09, 
aaneals to the 3' raid of the HTSf-a2 coding sequence. The resulting PGR product was digiested 
With Hind M and Bam H, gel purified and cloned into pGDNA3, 1(+) vector that had been 
digested with Hind m and Bam III, alkaline phosphatase tre^ed, and gel purified. A clone with 
the correct DNA sequence Penco et aL, 1985) was designated pCPNA3.1(+)::IFNAfiis or 
pBBTI90. . 

2. Cloning human beta interferon. Beta mterferon is pirpdiicedby fibroblasts and ejdiibits 
antivkal, antitumor and immunoodulatory effects. Beta interferon is the product of a single 
gene. DNA encoding human beta interferon (IFN-P) was amplified by PGR from human 
genomic DNA (GLONTEGH). PGR reactions were carried out with forward primer BB 1 10 (5'- 
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~CGCAAGCTTGCCACCATGACCAACAAGTGTCTCCTC-3') and reverse primer BBl 1 1 (5'- 
CGCGGATCCTCCGGAGTTTCGGAGGTAACCTGTAAG-3'). Primer BBl 10 anneals to the 
5' end of the coding sequence for the IFN-P secretion signal and the reverse primer, BBl 1 1, 
anneals to the 3' end of the IFN-P coding sequence. The resulting PGR product was digested 
wiih Hind EI and 5am HI, gel purified and cloned into pCDNA3.1(+) vector that had been 
digested -with Hind m and Bean HI, alkaline phosphatase treated, and gd purified. A done with 
the correct DNAsequence (Deryndc et al.. 1980) was designated pCDNA3.1(+)::IENBfus or 
pBBT191. ... . 

3. Qoning human gamma interferon. Gamma mterferon is produced by activated T cells and 
exhbits anti-vffal, antitumor and immunomodulatory effects. A cDNA encodmg hitman gamma 
interferon (EFN-y) was ampUfied by PGR firom total KNA isolated fi-om the human Jurkat T cell 
line (available from the American Type Culture Collection, Rockville, MD). The cells were 
grown in RPMI media supplemented with 10% FBS, 50 units/ml pemcillin and 50 ^lg/ml 
streptomycin, The cells were activated in vitro for 6 hours with 1 |ig/ml PHA-L (Sigma 
chemical Company, catalogue L-4144) and 5p ng/ml PMA (phorbol 12-myristate 13-acetate, 
Sigma Chemical Company, catalogue # P-1585) tor induce IFN-y expression prior to KNA 
isolatioii (Weiss et al., 1984; WiskocU et al., 1985). KNA was isolated from the cells using an 
KNeasy Mini KNA isolation kit purchased from Qiagen, Inc. (Santa Clarite, CA) foUowing the 
manufacturer's directions. Apprbximately 104 |ig of total 

cells. Fu-st strand synthesis of single-stranded d3NA was accomplishied using a 1st Strand 

cDNA Synthesis Kit for RT-PCR (AMV) from Boehringer Mannheim Corp (Indianapolis, IN) 
and random hexamers were used as the primer. Subsequent PCR reactions using the products of 
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the first strand synthesis as template were carried out with forward primer BBl 12 (5'- 
CGCAAGCTTGCCACCATGAAATATACAAGTTATATC-3') and reverse primer BB113 (5'- 
CGCGGATCCTCCGGACTGGGATGCTCTTCGACCTTG-3'). Primer BBl 12 anneals to the 
5' end of the coding sequence for the IFN-y secretion signal and the reverse primer, BBl 13, 
anneals to the 3' end of the IFN-y coding sequence. The resulting PGR product was digested 
with Hind mwd Bcanm, gd purified and cloned into pCDNA3.1(+) vector that had been 
digested with Hind m and 5am HI, alkaline phosphatase treated, and gel purified. A clone with 
the corredt DNA sequence (Gray et al., 1982) was designated pCDNA3.1(+)::IFNGfus or 
pBBT192; 

4. Construction of Interferon-igG fusions. The IgGl-Fc coding sequence was fiised to the 
carboxyterimhus of IFN-a2, IFN-P, and ffN-y. The -790 bp ffl --^^ 
excised from plasmid pBBT167 [described above in Example 1] and cloned uito pBBT190, 
pBBTl91 and pBBT192 which had been digested with Bam HI and Xba I, and treated with 
alkaline phosphatase. SimUarly, IgG4-Fc coding sequence also was fused to IFN-a2, IFN-13, and 
IFN-y. The -790 bp 5aw ffl - Jaa I fi^gment of plasim^^^^ 

Example 1] vm excised, gel -purified and cloned into pRBT190. pBBT191 and pBBT192 which 
had been digested with Bam HI and i, and treated with alkaline phosphatase. The IgGl-Cn 
coding sequence was fiised to the carboxyterminus of IFN-a2, iFNjP; and lEN-y. The -1080 bp 
5ara HI -Jaa I fragment of plasmid pBBT166 [described above in Example 1] was excised and 
cloned into pBBT190, pBBtl91 and pBBT192 which had been digested with Bam HI and A&a I, 
and treated with alkaline phosphatase. The structures of the resulting reconibinant plasmids were 
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verified by restsriction endonuclease digestions and agarose gel electrophoresis. These plasmids 
and the IFN-IgG fusion proteins that fh^ encode are listed in Table 5. 



Table 5. Interferon - IgG Fusion Proteins 







PBBT193 


IFN-a2-IgGl-Fc 


PBBT194 


IFN-a2-IgG4-Fc 


PBBT220 


IEN-a2-IgGl-CH 


PBBT195 


IFN-3-IgGl-Fc 


PBBT196 


IFN-P-IgG4-Fc 


PBBT221 


IFN-P-IgGl-CH 


PBBT209 


IFN-y-IgGl-Fc 


PBBT210 


IFN-Y-IgG4-Fc 


PBBT222 


IFN-y-igCrl-CH 



5. Bioactivities of Interferon-IgG Fusion JProteins. 

In vitro biolo^cal assays for interferons include antiviral assays and cell proliferation 
mhibition assays. Proliferation of the human Daudi cell line (American Type Culture Gollecfipn, 
Rockville, MD) is inhibited by alpha, beta and gamma interferon and can be used to assay these 
proteins ( Hofoszewicis et al., 1979; Evmger and Pestka, 1981). Daudi cells are maintained in 
RPMI 1640 media supplemented with 10% FBS, 50 units/ml penicillin and 50 (ig/ml 
streptomycin. Bibassays are perfonned m this media using the procedures described above 
except that the number of cells added to each w^l of a 96 well plate should be 5-20 x lO' and tiie 

■ ;S5 



o ■ o 

plates incubated at 37°C for 3 to 4 days. The Daudi cells should be at early saturation density (1- 
2 X 10^ cells/ml) before use m the assays for optimum effectiveness of the interferon. Serial 
dilutions of recombinant alpha, beta and gamma interferon (Endogen; R&D Systems; 
GibcoBRL, US Biological) should be analyzed in parallel. Recombinant alpha interferon has an 
ICso (amount of protein to inhibit proliferation by 50%) of approximately 5-30 pg/ml. 

Bioactiyities of alpha, beta and gamma interferons also can be measured usmg viral 
plaque inhibition assays. These assays measure the ability of the interferon protdua to protect 
cells from viral infectioa Methods for performing these assays are described in Ozes et 
al.,(1992) and Lewis (1987; 1995). Human HeLa or WISH cells (available from the American 
Type Cuture Collection) should be plated in 96-well plates (3x10'' cells/well) and grown to near 
cpnfluency at 37°C. The cells should be washed and treated for 24 hour with serial 2-3-fpld 
dilutions of each IFN-IgG fusion protdn pr^aration. Vesicular stomatitis virus (VS V) or 
encephalomyocarditis virus (EMCV) should then be added at a multiplicity of infection of 0. 1 
and the plates incubated for a furtha: 24-48 hours at 37°C. Additional controls should include 
samples without virus. When . 90% or more of the cells hav§ been killed m the virus-^treated, no 
IFN .control wells (determined by visiial inspection of the wells), the ceU mbnoiayer ihpuld be 
stained with crystal violet (0.5% in 20% riielhanol) and absorbance of the wells read using a 
microplate reader. Alternatively, 20 of MTS/PMS mixture (CellTitesf 96 AQueous One 
Solution, Promega Corporation, Madison, WI) can be added to the cell monolayers and 
absorbance the wells read at 490 nm after 1-4 hours later as described in Example 3. ECso values 
(the amount of protein required to inhibit the cytopathic effect of the ynus by 50%) should be 
used to compare the relative potencies of the fiision protdns and non-fused wild type proteins. 
Wild type IFN protems protect cells from tiie cytppathic effects of VSV and ^ICV and have : 
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specific activities of approximately Ixio' to 2x10* units/mg in this assay, depending upon the 
IFN species (Ozes et al., 1992). 

The IFN-a-IgG and IFN-fl-IgG fiision proteins listed in Table 5 were expressed in COS 
cells and purified as described in Examples 1 and 2. Non-reducing SDS-PAGE analysis showed 
that the IFN-a-IgGl-Fc and IFN-a-IgGl-Cn fosion protdns consisted predominantly of 
disulfide-linked dimers; however small amounts of monomeric fosion prolan was observed in all 
of the samples. The IFN-a-IgGl-CH fusion protein also contained a significant amount of 
disulfide-Unked aggregates, which failed to enter the gel. The IFN-a-IgG4rFc fiision protein ; . : 
also was predominantly dimeric; more monomer was present in this saniple thaii m the EFN-a- 
IgGl-Fc samples. The IFN-3-IgGl-Fc and IFN-p-IgGl-CH fiision proteins also were largely 
dimeric, with small amounts of nionomeric fiision protdn present in each sample. In contrast, 
the majority of the purified IFN-p-rIgG4-Fc fiision protein was monomeric; the remainder was 
dimeric. Significant amounts of disulfide-lmked aggregates were present in all of the purified 
IFN-pjgG fiision prolans. 

The purified IFN-a-IgG and IFN-P-IgG fiision proteins were assayed using the Daudi 
ceil growth inhibition assay described above. All of the IFN-a-IgG and EFN-p-IgG fiision 
proteins were biologically active. IC50 values for each prolan wae calculated and are shown in 
Table 6. Control recombinant IFN-a and IFN-p were purchased frpm Endogen, Inc. (Wbbum, 
MA) and US Biological (Swampscott, MA),, r^ectively. 
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Table 6. Bioactiyities of lEN-a-IgG and HW-P-IgG Fusion Proteins 







rhlFN-a 


. 0.015, 0.010 


0.013 


PBBT193 


IFN-a2-lgGl-Fc 


1.8, 2.5 




PBBT194 


IFN-a2-IgG4-Fc 


2.5,3.5 


3.0 


PBBT220 


IFN-a2-IgGl-CH 


3.5 


3.5 




rhIFN-P 


0.18,0.3 


0.24 


PBBT195 


IFN-p-lgGi-Fc 


175, 200 


188 


PBBT196 


IFN-3-IgG4-Fc 


15,15 


15 


PBBT221 


IFN-p-IgGl-CH 


90 


90 



^ Data from individual assays 

6. Cloning IL-11. IL-1 1 stimulates evelopment of megakaryocyte preqursors of platelets. A 
cDNA encoding human IL-1 1 can be amplified by PGR from KNA. isolated frrem human cell 
lines that express IL-1 1 such as the human bladder carcinoma cell Ime 5367 and the HL60 and 
U937 leukemia cell Imes (available from the American Type Culture Collection). PGR reactions 
can.be carried out with forward primer IL-1 IF (5'- 

CGCAAGCtTGCCACCATGAACTGTGTTTGCCGCCTG-3') and revise primer lL-1 IR (5'= 
CGCGGATCCTCCGGACAGCCGAGTCTTCAGCAGCAG -3'). Primer IL-1 IF anneals to the 
5' end of the coding sequence forthe IL-11 secretion signal and the reverse primer, BL-llR, 
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anneals to the 3' end of the IL-11 cndmg sequence. The resulting PGR product can be digested 
with Hind m and Bam HI, geLpurified and cloned into pCDNA3.1(+) vector that has been 
digested with Hind M and Bern JJL, alkaline phosphatase treated, and gel purified. Several 
clones should be sequenced to identify one with the correct DNA sequence. The human cell line 
TF-1 (available from the American Type Culture Collection) can be used to measure 
bioactivities of the Ei-ll-IgG fusion protdns. 

7. Cloning TPO. Thrombopoietin (TPO) stunulates development of megakaryocyte precursors 
of platelets. A cDNAencodmg human TPO can be amplified bj/: PGR from smgle-stranded 
cDNA prepared from liver or kidney, which is available from commercial sources such as 
CLONIECH and Stratagene, Inc.. PGR reactions can be carried ovrt with forward primer TPOF 
(5*- CGCAAGCTTGGGAGCATGGAGGTGACTGAATTGCtC -3') and reverse primer TPOR 
(5'- GGCGGATCCTGCGGACGCTTGCTGAGACAGATTGTG-3'). Primer TPOF anneals to 
the 5' end of the coding sequence for the TPO secretion signal and the reverse primer, TPOR, 
anneals to the 3' end of tiie TPO codmg sequence. The resulting PGR product can be digested 
withJ^wd m and BamlSl, gd purified and cloned into pGDI^A3.1(+) vector tiiat has been 
digested witiiJERwd in andSdiw HI, alkaline 

clones should be sequenced to identify one with the correct DNA sequence. The cell line M07e 
(Avanzi et al., 1988) can be used to measure TPO bioactivity. 

8. Cloning GM-CSF: A cDNA encoding human GM-CSF can be amplified by PGR from RNA 
isolated from a cell line that expresses GM-CSF such as tiie human T cell line HUT 102 
(available from American Type Culture Collection) or from human peripheral blood 
lymphocytes orthe humin Jurkat T cell line that had been activated with 20 ^g/ml condanavalin 
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A (Sigma Chemical Company) and 40 ng/ml phoibol myristate acetate (PMA, Sigma Chemical 
Company). PGR reactions can be carried out with forward primer CEMCSFF (5'- 
CGCAAGCTTGCCACCATGTGGCTGCAGAGCCTGCTG-3') and reverse primer GMCSFR 
(5'- CGCGGATCGTCCGGACTCCTGGACTGGCTCCCAGCA 3'). Primer GMCSFF 
anneals to the 5' end of the codmg sequence for the GM-CSF secretion signal and the reverse 
primer, GMCSFR, anneals to the 3' end of the Cai-CSF codmg sequence. The resulting PGR 
product can be digested with Hind m and Bam HI, gel purified and cloned into pCDNA3. 1(+) 
vector that has been digested with Hind JH and Bam HI, alkalme phosphatase treated, and gel 
purified. Several clones should be sequenced to identify one with the correct DNA sequence . 
Bioactivily of the GM-GSF-IgG fusion proteins can be measured usmg the TF-1 cell line 
(avdlable from the American Type Culture Collection). 

Example 11 

Multuneric Cytokine and Growth Factor fusion Proteins 
Bioactive fiision proteins also can be created by constructing multim^ric fiision proteins 
of the growth factors and cgrtokmes mentioned mtiiis applipation. Tliese multimeric fiision 
proteins can be constructed as described for the IgG fiision proteins except that a second growth 
factor/cytoldne protein can be substituted for the IgG domain. The two growth factors/cytokines 
can be joined together with or without hnker amino acids between the two groSwith 
&ctors/cytoldnes, Suitable p^de Imkers include those described in Examples 1 and 4. The 
fusion proteins can be homodimeric, heterodimeric, homomultimeric (comprising three or more 
copies of the same growth factor/cytoldne) or heteromultimeric (comprising two or more 
different growth factors/cytoldnes). The most carboxy-terinirial cytokme/growth fiictor dom^ 
should be modified using procedures such as PGR to delete the protem's natural signal sequence 

■ ■"/•■'"■'••^ ■'■ '■'■•■■■^0 " ■ '. ■ 



O 



and add, if desired, a short peptide linker sequence preceding the first amino acid of the mature 
protein sequence. The linker sequence could include a restriction enzyme site to &cilitate 
joining to the amino-terminal cytokiiie/growth factor domain. In multimeric fiision proteins the 
cytokine/growtii factor domains not at the ammo- or carbojqr-terminus of the protein can be 
modified to delete the natural signal sequence and termination codon and add, if deared, peptide 
linkers to the anuno- and carboxy-termini of the protdn. The fiision prdtdns can expressed in 
COS cells foUavnag transfection, purified and tested m appropriate in vitro bioassays. 

References 

Aggafwal, B.B. Human Cytokines. Handbook for Basic and Clinical Research. Volume IH. 

Blackwell Science, Maiden, MA. 
Aggaiwal, B.B. and Gutterman, J.U. (1992) Human Cytoldiies. Handbook for Baac and Clinical 

ResearcL Volume!. BlaclnveU Science, Maiden, MA, 
Aggarwd, B.B! aiid Guttennan, J.U. Humira Cytokines. Handbook for Basic 

Research. Volume n. Blackwell Science, Nfalden, MA. 
Avanzi, G. C., Lista, P., Gioviriazzo, B., Minicao, R., Saglio, G., Benetton, G., Coda, R., 

Cattoretti, G. and Pegorara, L. (1988) Br. J. Haematology 69: 359 - 356. 
Bddwin, MD., Zhou, X.J., Ing, T.S. and Vaziri, NA (1998) ASAIO J. 44: 44-47. 
Blatti L.M., t)avis, J.M, Klein, S.B. and Taylor, MW. (1996) J. Interferon and Cytokme 

Research 16: 489-499- 

Boissel, J.-P., Lee, W.-R., Presnell, S.R., Cohen, F.E. and Bunn, H.F. (1993) J. Biol. Chem, 268: 
15983-15993. 



o 



o 



Capon, D.J., Chamow, S.C., Mordenti, J., Marstera, S.A., Gregory, T., Mitsuya, H., Byrn, RA, 
Lucas, C, Wunn, F.M., Groppman, J.E., Broder, S. and Smith, D.H. (1989) Nature 337: 
525-531. 

Chamow, S.M. and Ashkenazi, A. (1996) Trends in Biotech. 14: 52-60. 

Chen, T.T., Tao, M.-H. arid Levy, R. (1994) J. Immunology 153: 4775-4787. 

DangI, J.L., Wensel, T.G., Morrison, S.L., Slryer, L., Herzenberg, L.A. and Oi, V.T. (1988) 

ENdBO J. 7: 1989-1994. 
DeNoto, F.M., Moore, D.D. and Goodman, H.M. (1981) Nucleic Acids Research 9: 3719-3730. 
Deryimck, R, Content, J., DeCIercq, E., Volckaert, G., Tavemier, J. DeVos, R. and Fiers, W. 

(1980) Nature 285: 542-547. 
bikov, M M., Reich, M.B., Dworkin, L., Thomas, J.W., and Miller^ G.G. (1998) J. Biol. Chem. 

273: 15811-15817. 

Elliot, S.G, and Byrnej T.E. (1995) European Patent Application # 941 12732.6 
Ellison, J., Buxbaum, J. and Hood, L. (1991) DNA 1: 1 1-18. 

Ellison, J.W., Berson, B,J. and Hood, L.E. (1982) Nucleic Acids Research 10: 4071-4079. 
? E>^eii M. and PeslJsa, S. (1?81X>^^ 
Gillies, S.D., Younig^ D., Lo, K.-M. and roberts, S. (1993) iBioconjugate Chem! 4: 230-235. 
Goeddel, D.V., Yelverton, E., Ullrich, A., Heynecker, H.L., Nfiozzari, G., Holmes, W., Seeburg, 

P.H., Dull, T., Mat, L., Stebbing, N, Crea, R, Maeda, S., McCandliss, R., Sbma, A.,. 

Tabor, J;M., Gross, M., Familletti, P.C. and PestteC S, (1980 
Gray, P.W., Leung, D.W., Pennica, D., Yelverton, E., Najarian, R, Simonsen, C.C., Derynck, R, 

Sherwood, PJ., Wallace, D.M., Berger, S.L., Levinson, A.D. and Goeddel, D.V. (1982) 

Nature 295: 503-508. 

Hammonds, R.G., Leung, D.W., Spencer, S. A. :^d Wood, W.L (1991) U.S. Patent 5,057,417. 

62 ■■ 



o 



o 



Hanzazono, Y., Hosoi, T., Kuwaki, T., Matsuki, S., IVGyazono, K, Miyagawa, K, and Takaku, 

F. (1990) Exp. HematoL 18: 1097-1 103. 
Henco, K., Brosius, I, Fujisawa, A., Fujisawa, J.-L, Haynes, J.R., Hochstadt, J., Kovacic, T., 

Pasek, M., Schambock, A., Schmid, J., Todokoio, K., Walchli, M., Nagata, S. and 

Weissman, C. (1985) J. Mbl. Biol. 185: 227-260. 
Hieter, P. Max, E. Seidman, J. Maizel, J and Leder, P. (1980) Cell 22: 197-207. 
Horisberger, M.A. and Di Marco, S. (1995) Pharmac. Ther. 66: 507-534. 
Horoszewicz, J.S., Leong, S.S. and Carter, W.A. (1979) Science 206: 1091-1093. 
Horton, R.M (1993) in "Methods in Molecular Biology", White, B.A., ed. (Eiumana Press, 

Totawa, NJ) 15:214-250. 
Innis, M.A., Gelfand, DH, Sninsky, J.J. and White, T.J. eds. (1990) "PCR Protocols: A Guide to 

Methods and Applications'' (Academic Press, San Diego, CA). 
Isaacs, J.D., Greenwood, J. and Waldmann, 11 (1998) J. Immunol. 161 :3862-3869. 
Rang, S.-H., Na, K.-H., Park, J.-H., Park, C.-L, Lee, S.-Y. and Lee, Y.-L (1995) Biotechnology 

Letters 17: 687-692. 

Knau^ M.J , BeU, D.P., Krtzer, P., Luo, Z.-P., Young, J.D., and Katres, N.Y. (1988) J. Biol, 

Chem. 263:15064-15070. 
Kozak, M. (1991) J. Biol. Chem. 266: 19867-19870. 

Kubota, N., biita, T., Hattori, K., Oh^eda, M, Ochi, N. and Yamazaki, T. (1990) J. Biochem. 
107:486-492. 

Kuga, T , Komatsu, Y., Yamasaki, M., De4kine, S., Miyaji, H., Nishi, T., Sato, M., Yokoo, Y., 
Asano, M., Okabe, M, Moririioto, M and Itoh, S. (1989) Bioch.. Biophys. Res. Comm. 
159:103-111. 

Landolphi, N.F. (1991) J. immunology 146: 915-919. 



o 



o 



Landolfi, N.F. (1994) U.S. patent number 5,349,053. 

LaRochelle, W J., Dirsch, O.R., Finch, P.W., Cheon, H.-G., May, M., Marchese, C, Kerce, J.H. 

and Aaronson, S. A. (1995) J. CeU Biol. 129: 357-366. 
Leung, D.W., Spencer S.A., Cachianes G., Hammonds KG., Collins C, Henzel W.J., Barnard 

R., Waters M. J. and Wood W.L (1987) Nature 330: 537-543. 
Lewis, J.A. (1987) Chapter 6. Lymphokines and Interferons: A Practical approach. Eds: 

Clemens, M.J., Morris, A.G. and Gearing, A.J.H., JKL Press Ltd., Oxford, England. 
Lewis, J.A. (1995) Chapter 9: Antiviral activity of qrtokines. pp. 129-141. 
Lin, F.-K, Suggs, S., Lin, C.-H., Browne, J.K., Smalling, R., Egrie» J.C., Chen, K.K, Fox, G. 

M., Martin, F., Stabmsky, Z., Badrawi, S.M., Lai, P.-H and Goldwasser, E. (1985) Proc. 

Natl. Acad. Sci. USA 82: 7580-7584. 
Linsley, P.S., Brady, W., Giosmaire, L., Aniffo, A., Damle, N.K, and Ledbetter, LA. (1991a) J. 

Exp. Med. 173: 721-730. 
Linsley, P.S., Brady, W., Umes, M., Grdsmair^ L.S., Damle, NX and Ledbetter, LA. (1991b) L 

Exp. Med. 174:561-569. 
Lu, H.S., Clogston, C.L., Narhi, L.O., Merewether, L.A., Pearl, W.R. and Boone, T.C. (1992) J. 

Biol. Chem. 267: 8770-8777. 
Mahmood, L (1998) Life Sciences 63:2365-2371. 

Mark. D.F., Lu, S.D., Creasey, A. A., Yamamoto, K and Lin, L.S. (1984) Prpd Natl. Acad. Sci. 
81:5662-5666. 

Martial, J.A., Hallewell, R.A., Baxter, J.D. and Goodman, H.M. (1979) Science 205: 602-607. 
Matsumoto, T., Endoh, K., Kamisango, K., Akamatsu, K., Koizumi, K., Higuchi, M., Imai, N., 
Misui, H. and Kawaguchi, T. (1990) Br. J. HaematoL 75: 463-468. 



o 



Mohler, K.M., Torrance, D.S., Smith, C.A., Goodwin, R.G., Stremler, K.E., Fung, V.P., Madani, 

H. and Widmer, MJB. (1993) J. Immunology 151: 1548-1561. 
Morenti, J., Chen, S.A. Moore, J.A., Frerraiolo. B.L. and Green J J). (1991) Pharm Res. 8: 1351- 

1359. 

Morton, P.A., Fu., X.-T., Stewart, J.A., Giacoletto, KS., White, SX., Leysath, SB., Evans, R.J., 
Shieh, J.-J. and Kair, R.W. (1996) J. Immunology 156: 1047-1054. 

Mott, H.R. and Campbell, I.D. (1995) Current Opinion in Structural Biology 5: 1 14-121 . 

Nagata, S. (1994) in Cytokines and Their Receptors, N. A. Nicola ed., Oxford University Press, 
Oxford, pp. 158-160. 

Nagata, S., Tsuchiya, M., Asano, S., Kziro, Y., Yamazaki, T., Yamamoto, O., Hirata, Y, 
Kubota, N., Oh-eda, M., Nomura, H and Ono, M. (1986a) Nature 3 19: 415-418. 

Nagata, S., Tsuchiya, M., Asano, S., Yamamoto, O., Hirata, Y., Kubota, N., Oh-eda, M., 
Nomura, H and Yamazaki, t. (1986b) EMBO J. 5: 575-581. 
. Oi, V.T., Vuong, T.M., Hardy, R, Reidler, J., Dangl, J., Herzeribeig, L.A and Stiyer, L. (1984) 
Nature 307: 136-140. 

Okabe, M.. Asano, M., Kuga, T.* Komatsu, Y., Yamasaki, ML, Yokbo, Y, It»h, S., Morimoto, M 

and Oka, t. (1990) Blood 75: 1788-1793. 
Ozes, O.S., Reiter, Z., Klein, S., Blatt, L.M. and Taylor, M.W. (1992) J. Interferon Research 12: 

55-59. 

Qiu, H., Belanger, A, Yoon, R-W. P. and Bunn, HJF. (1998) J. Biol. Chem. 273: 11179-1 1176. 

Richter, W.F., Gallati, H., Schiller, C. (1999) Drug Metabolism and Disposition 27: 21-25 
Roitt, I, Brostof]^ J. and Male, D. eds. (1989) "Immunology" (Gower Medical Publishing, 
London, UK. ; New York, N.Y.) 

Roskara, W.G. and Rougeon, F; (1979) Nucleic Acids Research 7: 305-320. 

■ 65' ..... 



o , ■ o 

Rowlinson, S.W. Barnard, R., Bastiras, S:, Robins, A.J., Brinkworth, R. and Waters, M.J. (1995) 

J. Biol; Chem. 270: 16833-16839. 
Seeburg, P.H. (1982) DNA 1 : 239-249. 

Shin, S.-U., and Morrison, S.L. (1990) Proc. Nad. Acad. Sci. USA 87: 5322-5326. 
Silvennoinen, 0.and ifale, J.N. (1996) Signalling by Hematopoietic Cytokine Receptors, R.G. 

Landes Company, Austin, TX. 
Souza, L.M., Boone, T.C., Gabrilove, J., Lai, P.H., Zsebo, KM, Murdock, D.C., Chazui, V.R,, 

Bruszewskij J., Lu, H., Chen, K.K, Barendt, J., Platzer, E., Moore, MA.S., Mertelsmann, 

R. and Welte, K. (1986) Science 232: 61-65. 
Stewart, J.D., Lee, L, Posner, B.A and Benkovic, S.J. (1995) Meth. Enzymol. 249:507-519. 
Streiili, M, Nagata, S. and Weissman, C. (1980) Science 209: 1343-1347. 
Steurer, W., Nickerson, P.W., Steele^ AW., Steiger, J., Zheng, X.X. and Strom, T.B. (1995) J. 

Immunology 155: 1165-1174. 
Sytkowski, AJ., Lunn, E.D. Davis, K.L. Feldman, L. and Siekmaii, S. (1998) 95:1184-1 188. 
Vaziri, N.D., Zhou, X.J., and Liao, S.Y. (1994) Am. J. Physiol. 266: F360-366. 
Wang, GJL. and Semenza, G.L. (1993) Blood: 82: 3610-3615. 
Weinstein, Y., Me, J.N., Lavus, S. and Reddy, E.P. (1986) PNAS 83: 5010-5014. 
Weiss, A., Wiskocil, R.L. and Stobo, J.D. (1984) J. Immunology 133: 123-128. 
Wisckocili R., Weiss, A, Imboden, J., Kamin-Lewis, R,a. and Stobo, J. (1985) J. Immunology 

134: 1599-1603. 

Zeng, X.X., Steele, AW., Nickerson, P.W., Steurer, W., Steiger, J. and Strom, T.B. (1995) J. 
Immunology 154:5590-5600. 

■■■•66 ■ • " '■■■ 



o 



I 



s s: s i g 

fiiiiillilli! 
i =^ 



■* cn a> -Jo, S 5f 



